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ABSTRACT
This dissertation examines the impact of the antici
pated and unanticipated components of government debt on
real output when Barro’s equations for debt growth and
money growth are used as the starting points in specifying
anticipated debt and money growth equations using an
atheoretical statistical technique.

The unanticipated

debt and money variables are defined as the residual of
the anticipated debt and money growth equations, respec
tively.
Output equations are specified using the same
criteria that are used to specify the anticipated debt
and money growth equations, and Barro's equation for real
GNP is used as the starting point in the specification.
As a result of Dickey-Fuller tests, these equations are
specified in first-difference form instead of log-func
tional form.
It was found that:

(1) both anticipated and unan

ticipated debt matter when debt is measured at market
value;

(2) anticipated and unanticipated money growth has

short-term but not long-term effects; and (3) real federal
purchases matter.
Moreover, the sign of the coefficient of the antici
pated and unanticipated debt variables is negative instead
of positive as is expected from conventional macroeconomic

.V vii

'
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theory.

Two plausible explanations for the contractionary

impact of the debt on real output are:

(1) a negative

wealth effect and (2) that the discounted value of govern
ment bonds held domestically has become less than the dis
counted value of the tax liability associated with the debt
as a larger percentage of the public debt has become
foreign held.
The results of this study do not resolve the contro
versy over the validity of the structural neutrality
assumption, but help to verify the existence of a negative
wealth effect.

viii

CHAPTER 1
Introduction
Due to the size of government budget deficits since
the mid-igvo’s, concern has been mounting about the
possible effects of deficit finance.

In the context of a

rational expectations model, Barro (1980) has argued that
the effects of anticipated movements in government debt
must be separated from the effects of unanticipated
movements.

That is, the systematic behavior of the

deficit must be separated from the effects of debt shocks.
It has been demonstrated theoretically that debt
shocks as well as the systematic behavior of the deficit
influence real economic activity.

Other theoretical models

suggest that only debt shocks influence real economic
activity.

Thus, the issue of the impact of federal deficit

behavior on real economic activity is an empirical one.

A

problem arises here in that it is difficult empirically to
distinguish systematic movements from shocks and, thereby,
to distinguish the effects of the systematic behavior of
the deficit and the effects of debt shocks.
The issue of the impact of government debt on real
economic activity has received relatively little "empirical
attention."

Moreover, the empirical results are as diverse

as the theoretical results.

If only debt shocks influence

real economic activity, the prescriptions of traditional
macroeconomic policy concerning the debt are ineffective in

*

evoking responses in real o u t p u ^ a n d employment.

The goal

of this study is to add to the relatively scarce pool of
empirical literature on the impact\of government debt on
real economic activity.
The concern of this study is the implications of
federal deficit behavior for real output&when the antici
pated debt equation is specified using a ^technique similar
V,

to the one outlined in Mishkin (1982 a and 'b).

To

accomplish this task, Barro's (1980, pp. 7 5 4 ^ 5 6 )

equation

for the growth rate of the public debt is used* as a point
of departure.

Specifically, an atheoretical statistical

technique for specifying an anticipated policy equation
is employed on, among others, the variables of Barro's
equation for the growth rate of the public debt.
By using Barro's debt equation as the point of depar
ture, it will be possible to see if the equation obtained
by employing an atheoretical statistical technique differs
drastically from the one obtained by Barro through the use
of optimization analysis,

^ h e technique uses the Granger-

causality definition in c c ^ u & c t i o n with Akiake's final
prediction error (FPE) criteltiokto specify the appropriate
lag length for each independenK^vl^iable and the lagged
dependent variable considered i n vthcS^ctebt equation.
Akiake's final prediction erro’ftcriterion allows the
data to determine the lag length of es&h variable and is
used because coefficient estimates are biased if the true
lag length of a variable is longer than the one that has

3
been arbitrarily specified.

The order in which the

variables are added to the debt equation is determined by
the specific gravity (SG) criterion of Caines, Keng, and
Sethi (1981).
In specifying the debt equation, F-tests are performed
to test the joint significance of the distributed lag
coefficients for each variable in the equation.

Based on

the results of these tests, variables are either retained
in or deleted from the equation.
To complete the system of equations, a money-growth
equation is necessary.

For consistency, Barro's money-

growth equation is used as a point of departure and is
specified using the same procedure that is used to specify
the debt equation.
After the anticipated debt and money equations are
specified, the debt equation will be used to test the
effects of anticipated and unanticipated debt on real GNP.
That is, the rational expectations hypothesis and the
structural neutrality assumption, which are embedded in
Barro's model, will be tested jointly for public debt.
For consistency, the output equation is specified using
the same criteria that are used to specify the debt and
money equations.

Barro's (1980, p. 757) equation for real

GNP is used as a point of departure.

The model will be

estimated using ordinary least squares (OLS).

1

Outline of the Study
Selected aspects of the rational expectations
hypothesis are examined in Chapter 2.

This examination is

conducted because the hypothesis is embedded in the Barro
model.

Chapter 3 contains a summary of the literature

on the anticipated and/or unanticipated money supply, a
summary of Barro's model and the literature on Barro's
model, and a survey of the literature on anticipated and/or
unanticipated fiscal policy.

In Chapter 4 the anticipated

debt and money equations are specified and estimated.

In

Chapter 5 Barro's two-step procedure is used to estimate
the effects of anticipated and unanticipated debt on
output.

Chapter 6, the final chapter, contains the

summary and conclusions.

CHAPTER 2
Rational Expectations
The Barro (1980) model that will be considered in
this study and the theoretical works that will be cited
employ the rational expectations assumption.

Thus, to the

extent to which it is applicable to the present study, the
rational expectations hypothesis is examined.

The

examination of the rational expectations hypothesis
consists of:

(1) a definition of the concept of rational

expectations;

(2) an enumeration and explanation of the

components of rational expectations models;

(3) the

development of the relationship between the rational
expectations hypothesis and the structural neutrality
assumption; and (4) an explanation of the observational
equivalence problem which arises frequently in models
incorporating the assumption of rational expectations.
First, the concept of rational expectations is
defined.

If rational expectations is considered as a

principle of informational efficiency,

it can be defined

as "the application of the principle of rational behavior
to the acquisition and processing of information and to
I

the formation of expectations."

Even though this

1
Rodney Maddock and Michael Carter, "A Chi l d ’s Guide
to Rational Expectations," Journal of Economic L i terature.
20 (March 1982), p. 41.

5
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definition is "closer to the usual economic methodology,"
it "is not the approach usually adopted by rational
expectations theorists."

Rational expectations theorists

have usually adopted the all-information approach which
implies that economic agents formulate "their expectations
as if they are fully informed of the process which
ultimately generates the real outcome of the variable"
under consideration.

3

According to Fellner (1980, p. 764), there is no
concensus on the correct interpretation of rational
expectations.

However, a common element of all hypotheses

is the belief "that in any useful approximation to reality
the relevant expectations concerning real variables should
be viewed as being based on all information available to
the market participants at a cost justified by the value
of the information."
Second, the main components of rational expectations
models are presented and discussed.

According to Grossman

(1980, pp. 9-10), models that incorporate rational expec
tations have three main components.

The first component

"involves assumptions about the structure of the economy
and provides a framework for working out the implications
of rational expectations.

These assumptions specify the

relevance of expectations and perceptions for the market
2Ibid., footnote 11.
3
Ibid., footnote 15, p. 42.
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activities of private agents, the relation between the
perceptions of government officials and their monetary and
fiscal actions, and the interaction of the behavior of the
private agents and government to determine output, employ
ment and the rate of inflation."
Grossman (p. 10) states that the full development of
these structural assumptions is necessary for a complete
understanding of business cycles, but only two assumptions
are necessary for deriving the implications of the idea of
rational expectations:

"that the information that is

potentially relevant for private agents includes both know
ledge of the specification of the structure of the economy
itself and knowledge of the past and current data that this
structure identifies as consequential;" and "applicability
of the natural rate hypothesis."
The second component of rational expectations models,
which Grossman (p. 10) submits is the primary distinguish
ing feature of these models and denotes as the rational
expectations postulate,

is the general principle that

private economic agents are efficient in gathering and
using information.

Informational activities are treated

in the same manner as any other activity undertaken by
"economic" man.

In this context, efficiency means that

the marginal alternative cost of resources devoted to
gathering and using information is equal to the marginal
benefit obtained from the information.

8
The third component of rational expectations models,
according to Grossman, involves specification of the
availability and usability of information.
Next, the relationship between the rational expecta
tions hypothesis and the structural neutrality assumption
is developed.

Grossman indicates that an important result

of the research involved in specifying the availability
and usability of information has been the formulation of a
set of assumptions about information that is sufficient
for the seemingly contradictory coexistence of the
neutrality hypothesis and the nonneutrality hypothesis.
The neutrality hypothesis holds that the main component
of business cycles— the time pattern of differences
between actual and natural levels of output and
employment— is independent of monetary and fiscal actions
that involve anticipated responses to economic fluc
tuations.

According to this proposition, anticipated

monetary and fiscal actions do not affect real variables,
only nominal variables, such as the price level and
inflation rate.
Grossman points out that the neutrality hypothesis
implies that attempts to design optimal systematic
monetary and fiscal policies are pointless except to the
extent that such policies affect the natural level of
output.

He further points out that even in a model in

which the neutrality hypothesis does not hold, acceptance
of the rational expectations postulate implies limitations

9
on the potential effects of anticipated monetary and
fiscal policies on aggregate output and employment.
The second proposition, the nonneutrality hypothesis,
is that the pattern of business cycles is dependent,

in a

significant way, on a subset of monetary and fiscal
actions.

This subset is composed of monetary and fiscal

shocks.
Thus, Grossman notes that the neutrality and
nonneutrality hypotheses are not contradictory.
Specifically, the neutrality hypothesis does not imply
that all monetary and fiscal actions have been incon
sequential in generating real macroeconomic fluctuations,
just the anticipated part of these actions.
The natural rate hypothesis and the rational
expectations postulate alone are not sufficient for the
derivation of either the neutrality or the nonneutrality
hypothesis.

Some additional assumptions about infor

mation are required.

According to Grossman (pp. 11-12 ),

these assumptions are:
(1) If private agents perceive or predict monetary
and fiscal policies accurately, their knowledge
is sufficient to allow them to forecast correctly
on average the effects of these policies.
(2) Private behavior is adjusted according to
perceptions and expectations.

10
(3) Private agents can accurately predict systematic
monetary and fiscal actions, even if such policy
is unannounced.
(4) Private behavior generated from monetary and
fiscal actions that are unpredictable or not
readily perceivable is based on incomplete
information and possibly incorrect expectations.
The first two assumptions imply that systematic
monetary and fiscal actions cannot lead to private
behavior involving incorrect expectations.

Thus, given

the natural rate hypothesis, perceivable or predictable
monetary and fiscal policies on average do not affect
output relative to the natural level.

The first three

assumptions and the natural rate hypothesis imply the
neutrality hypothesis.

The fourth assumption generates

the noneutrality hypothesis, and permits the model to
imply both the neutrality and nonneutrality hypotheses.
Lastly, an additional complication to statistical
identification, which arises from the assumption of
rational expectations, is considered.

As Begg (1976)

points out, identification problems are often very acute
in rational expectations models, because frequently a
lagged exogenous variable enters the output equation for
two different reasons.

First, it was employed in the

original structural equation on the grounds that the
endogenous variable responds only sluggishly to changes
in the exogenous variables, so that past values of the

11
exogenous variable are relevant to the current deter
mination of the endogenous variable.

Second, the lagged

exogenous variable was used because it helps to predict
current values of the exogenous variable and hence enters
the rational expectations.

"Because lagged variables

fulfil this dual role in rational expectations models, it
is sometimes impossible to disentangle the separate
effects from the data."

When separate estimates of each

of the structural parameters cannot be disentangled from
the corresponding economic data, a given data sample is
consistent with an infinity of different structural
models.

Since it is impossible to distinguish among them,

these models are said to be observationally equivalent.
The next chapter contains a summary of the literature
on anticipated and/or unanticipated money supply, a
summary of Barro's model and of the literature on the
model, and a survey of the literature on anticipated
and/or unanticipated fiscal policy.

CHAPTER 3
Survey of the Literature
According to the conventional argument found in
standard economic textbooks, financing an increase in
the deficit through the sale of bonds is likely to cause
real output to increase in the short run.
Barro

However,

(1974) and others contend that deficits which are

financed through the sale of bonds do not increase the
nation's net wealth and, therefore, will not lead to any
sizeable changes in aggregate output in the short or
long run.
The argument that bond financed deficits lead to an
increase in real output hinges on the assumption that
government bonds are perceived as net wealth by the
private sector.

The argument in a less than full-employ-

ment model is as follows:

an increase in government debt

implies an increase in perceived household wealth which
implies an increase in consumption.

The increase in con-

sumption causes an increase in aggregate demand in the
short run.
On the other hand, as Barro points out, the future
taxes needed to finance government interest payments on
the debt imply an offset to the direct positive wealth
effect.

"Government bonds will be perceived as net

wealth only if their value exceeds the capitalized value

12
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of the implied stream of future tax liabilities.1,1
Blinder and Solow (1973), Mundell (1971), and Patinkin
(1965), among others, argue that the offset of the future
tax liabilities will not be complete; thus, government
bonds are viewed as net wealth.
that ". .

Barro (p. 1116) argues

. there is no persuasive theoretical case for

treating government debt, at the margin, as a net com
ponent of perceived household wealth.

The argument for a

negative wealth effect seems, a priori, to be as
convincing as the argument for a positive effect."
The impact of expansionary fiscal policy, defined as
a substitution of debt for tax finance for a given level
of government expenditure (as is done by Barro (1974),
Blinder and Solow (1973), and Patinkin (1965)), depends
on whether or not government bonds are perceived as net
wealth by the private sector.

If government bonds are

not perceived as net wealth, government debt issue (i.e.,
expansionary fiscal policy) will have no impact on
consumption and thus aggregate demand.

On the other hand,

if government bonds are perceived as net wealth,
expansionary fiscal policy will have an impact on con
sumption and aggregate demand.
The standard practice in macroeconomics has been to
assume that government debt issue, that is, expansionary
1
Robert J. Barro, "Are Government Bonds Net Wealth?"
Journal of Political Economy. 82 (Nov./Dec. 1974), p. 1095.
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fiscal policy, affects aggregate demand and to focus on
the stabilization aspects of federal deficits.

With the

acceptance of rational expectations as the main hypothesis
concerning the formulation of expectations, the relevant
question has become whether anticipated or unanticipated
fiscal policy affects real output.

More specifically, the

relevant question is whether the systematic and/or shock
2
portion of government debt affects real output.
The policy ineffectiveness proposition, that
deterministic, feedback policy rules have no impact on
output fluctuations in the economy, threatens the
foundation of macroeconomic policy and necessitates
either verification or refutation through empirical
research.

The proposed constitutionally mandated

balanced budget at the federal level will have no impact
on the economy if the policy ineffectiveness proposition
is true.
Anticipated/Unanticipated Money Literature
The pioneering work on anticipated and unanticipated
stabilization policy was in the area of monetary policy.
This work generated considerable discussion and controversy.
2
The deficit, defined as G-T where G is government
spending and T is tax revenue, is equal to AB + ABD, where
AB is the change in the monetary base and ABD is the change
in bonds held by the private sector.
When tax finance and
money creation are not considered, G is financed through
the issuance of government bonds.
In this situation,
fiscal policy takes on the form of government debt issue.

15
Lucas

(1972, 1975), Sargent (1973, 1976) and Sargent and

Wallace (1975) demonstrated that, assuming rational
expectations, anticipated monetary stabilization policy is
completely ineffective in a neoclassical economy in which
the aggregate supply function is of the natural rate type.
It is assumed that there is no money illusion and that the
public has the same information as the monetary authority
about the past values of relevant variables, the structure
of the economy, and the policy rule being used.

The

results of their theoretical analyses supported the
contention that the monetary authority should abandon its
attempts to pursue an activist stabilization policy.
Barro (1977, 1978 and 1981), Barro and Rush (1980),
Small

(1979), Sheffrin (1979), Leiderman (1980), Makin

(1982) and Mishkin (1982) have conducted empirical
research to determine if anticipated monetary policy
matters.
Barro, Barro and Rush, and Small test the proposition
that anticipated monetary policy affects real output and
employment and the proposition that only unanticipated
monetary policy affects real output and employment, using
a two-step procedure.

Step one involves estimating the

money growth equation by ordinary least squares over the
sample period, defining predicted values from this
equation as anticipated movements in money growth and
defining the residuals from this equation as unanticipated

movements in money growth.

In step two, the output and

employment equations, to which current and lagged actual
money growth variables are added to test the proposition
that anticipated monetary policy matters and to which
current and lagged residual money growth variables are
added to test the proposition that unanticipated monetary
policy matters, are estimated by ordinary least squares.
The coefficients on the anticipated and unanticipated
money growth variables are examined to determine if
anticipated and/or unanticipated monetary policy matters.
Leiderman estimates an extended version of Barro's
(1977) model using full information maximum likelihood
(FIML).

Makin uses three different techniques to

decompose actual money growth into its anticipated and
unanticipated components.

He takes measures of antici

pated money growth from ARIMA models, Barro and Rush
(1980), and Sheffrin (1979).

He uses a difference

stationary series for real output.
Mishkin uses an atheoretical statistical procedure to
specify his money growth equation and estimates his model
using nonlinear least squares estimation.

The methodology

he employs differs from that in the other studies in that:
(1) it uses "polynominal-distributed lags in order to
ensure that rejections of the [rational expectations]
hypothesis are not spurious;" and

(2) "the procedure for

specifying the money growth equation . . . ensures that

the explanatory variables in [the information set] are
3

available information at time t-1."
Barro's money growth, the average annual rate of Ml
growth, is a function of a measure of real federal
expenditure relative to normal, the lagged unemployment
rate, and two lagged values of money growth.
Leiderman use Barro's money equation.

Small and

The Sheffrin model

of money growth rates is a second order autoregressive
model without a moving average term.

He uses quarterly

data in the estimation of his model.

Makin provides

results for two models of money growth rate:

a quarterly

ARIMA model that does not contain seasonal moving average
terms and a biannual ARIMA model which contains one
autoregressive term, one moving average term, and three
seasonal moving average terms.

Mishkin found money

growth, defined as the average quarterly rate of Ml
growth, to be a function of four lagged values each of
money growth, the average 90 day Treasury-bill rate and
the high employment surplus.
Mishkin and Makin (for all three specifications of
the anticipated money equation and for both ARIMA formu
lations) found that anticipated monetary policy matters
3

Frederic S. Mishkin, "Does Anticipated Monetary
Policy Matter? An Econometric Investigation," Journal of
Political Economy. 90 (February 1982), p. 42.
The other
models, with the exception of Makin*s ARIMA model, include
the current value of the deviation of federal expenditure
from its normal level as an explanatory variable.
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and unanticipated monetary policy does not have a larger
impact on output and employment than anticipated does.
Small found that both anticipated and unanticipated
monetary policy matters in the short run.

On the other

hand, Barro, Barro and Rush, and Leiderman found that
anticipated monetary policy does not matter.

In other

words, they found that the neutrality proposition that
money growth affects real economic variables only when
this growth is unanticipated cannot be rejected.

Sheffrin

found that unanticipated money (as well as fiscal policy)
has a strong impact on cyclical output.
Thus, the empirical results are mixed.

It has not

been possible to either verify or refute the proposition
that only the unanticipated movements of money growth
affect real economic activity.
Anticipated/Unanticipated Fiscal Policy Literature
When the pioneering work on anticipated and
unanticipated stabilization policy was being developed,
very little attention was given to the effectiveness of
fiscal policy.

The general issue of anticipated and/or

unanticipated fiscal policy has been considered theoreti
cally by Sargent (1973), Canzoneri (1978), Hall (1978),
McCallum and Whitaker (1979) and Hirschhorn (1984), and
empirically by Sheffrin (1979), Barro (1980), McElhattan
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(1982), Canarella and Garston (1983) and Laumas and
McMillin (1984).
Sargent demonstrated that neither fiscal nor monetary
feedback rules affect output under the assumption of
rational expectations in a neoclassical economy in which
the aggregate supply function is of the natural rate type
and economic agents are assumed to have the same infor
mation about the economy and economic policy as the
monetary and fiscal authorities.

Canzoneri, on the other

hand, demonstrated that fiscal feedback rules can affect
capacity, but not the output gap, in a modified version
of the Sargent-Wallace (1975) model.

Hall (1978), who

considered only unanticipated fiscal effects in his
rational expectations model with sticky prices, found
unanticipated fiscal policy was effective.
McCallum and Whitaker (1979) used a modified version
of the discrete-time Sargent-Wallace (1975) model.

They

differ from Sargent and Wallace in that they consider
built-in stabilizers as well as discretionary fiscal
policy.

They demonstrated that the unanticipated

component of systematic fiscal policy and built-in
stabilizers affect real variables in the context of their
rational expectations macroeconomic model with perfectly
flexible prices and wages.

Built-in stabilizers affect

real variables because they automatically and immediately
provide reaction to current period shocks, thus affecting

real output in the current period.

On the other hand,

systematic fiscal policy is based on aggregate information
that decision makers acquire with some delay, due to the
time required to collect and process the information.
Thus, it does not provide automatic and immediate reaction
to current period shocks and cannot, therefore, act to
reduce the variability in output.

McCallum and Whitaker

implicitly assumed that government bonds are perceived as
net wealth.

This implication is a result of the imperfect

capitalization of implied future taxes.
Hirschhorn (1984) incorporated the effects of govern-,
ment debt into a standard rational expectations macroeconomic model, but assumed limited current information.
In this respect, his model differs from Sargent's (1973),
Canzoneri's (1978), Hall's (1978) and McCallum and
Whitaker's (1979) which assume full information about^
t

current fiscal policy.

Individuals, in the Hirschhorn

model, do not know the current value of debt issuance, j
among other things.

The model also differs from McCallum

and Whitaker's in that bonds are assumed not to constitute
net wealth.

The model is a modified version of Barro's

(1980) model.
Hirschhorn (1984) found that unanticipated changes
in government debt have output and interest rate effects
even under the most extreme assumptions about fiscal'
neutrality.

Even when bonds are not: net wealth, an

increase in debt will appear expansionary in that there
will be a positive correlation between total debt
outstanding and output.

This is the case since

unanticipated bond sales appear as an excess demand shock,
the source of which is unknown and therefore misinter
preted as potentially due to relative shifts in commodity
demand and supply.
In Hirschhorn's model, the effect of government bonds
that are positive net wealth is to increase commodity
demand, reduce commodity supply and increase the demand for
money.

Assuming the commodity demand effects are dominant,

the effect of the known stock of government bonds is to
increase output, the nominal interest rate, and the antici
pated real rate of return.

However, when government bonds

are not net wealth, the effects of the known component of
the outstanding stock of government debt are eliminated
from all of the equations in the model because there are
offsetting effects due to future taxes.

Thus, when govern

ment bonds are not net wealth, the anticipated component
of the current bond issuance has no effect on output, the
anticipated real rate of return or the nominal rate of
interest.

On the other hand, when government bonds are

not net wealth, the unanticipated component of current
bond issuance appears in the price, interest rate, and
output equations of the model.

Hirschhorn concluded that

if the actual change in debt, which incorporates both the

anticipated and unanticipated components,

is used in

empirical work, a positive effect on output should be
expected, even if government bonds are not net wealth.4
Sheffrin (1979) developed a rational expectations
model in which prices are fixed during the period under
consideration and economic agents are assumed to use all
currently available time-series information for fore
casting.

The fixity of prices implies that output

fluctuations are not correlated with unanticipated
inflation, just unanticipated aggregate demand.

However,

his empirical tests indicated that the persistence of
business cycles cannot be explained entirely by unantici
pated aggregate demand.
Sheffrin calculates Series fot both unanticipated

f

fiscal policy and money growth from time-series analysis.
The unanticipated fiscal* policy series was constructed by
f

detrending the rate of growth of government expenditures
*

by a quadratic time tr^nd and estimating a first order
autoregressive model on the residuals.
He considers the impact of unanticipated fiscal policy
and money growth on cyclical output, which was constructed
by regressing the log of real GNP in 1972 dollars on a time
trend and a constant and transforming the residuals.
cyclical output equation, containing an unanticipated
4In Hirschhorn's model, monetary shocks also have
a positive effect on output.

The
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fiscal growth variable and an unanticipated money growth
variable, was estimated for the period 1954:4 to 1975:1
using the Cochrane-Orcutt technique. He found evidence
that both unanticipated fiscal and money growth have a
strong impact on cyclical output.
Barro (1980) constructed a model of debt finance in
which taxes finance permanent increases in government
expenditures and debt finances temporary changes for
efficiency reasons.

His analysis, based upon the minimi

zation of the present value of revenue-raising costs
subject to the government "overall" budget constraint,
indicated that the deficit and thus the growth rate of the
public debt is determined by the anticipated inflation
rate, government spending, and current values of business
cycle variables.

Specifically, the growth rate of the

public debt is a function of an anticipated inflation
rate, real federal expenditure relative to normal, and
deviations of GNP from its trend.

Barro estimated the

equation for annual data over the 1948 to 1976 period
using ordinary least squares.

The residuals from the

estimated equation denote the unanticipated component of
debt.

He found that lagged values of actual debt growth

are insignificant when added to output and employment
equations, but a current and a lagged value of monetary
shock and a lagged value of debt shock are significant.
These results supported his contention that debt shocks,

as opposed to the systematic parts of debt movements,
influence real economic activity.

Barro concluded that

the major movements in debt are explainable "as aspects of
a policy for achieving an intertemporally efficient
collection of net revenues in [light] of fluctuations in
government expenditures, national income, and inflation.1,5
Barro, using unemployment and not cyclical output,
was able to avoid the problem of the persistence of
unemployment that was encountered by Sheffrin by:
(1) including lagged unemployment as an explanatory
variable in the money growth equation, that is, by allow
ing lagged unemployment to affect current unemployment;
and (2 ) using yearly data which allowed economic agents to
take a year to change their expectations of the money
growth rate.
Canarella and Garston (1983) estimate the Barro model
by means of the full information maximum likelihood (FIML)
method.

The procedure takes into consideration the

covariance structure of the error terms of the debt and
money equations and allows the imposition of cross-equation
and within equation parameter constraints.

This was not

permitted with the OLS procedure used by Barro.

They

found that the rational expectations hypothesis restric5
Robert J. Barro, "Federal Deficit Policy and the
Effects of Public Debt Shocks," Journal of Money. Credit,
and Banking. 12 (November 1980, Part 2), p. 760.
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tions and the structural neutrality restrictions
(separately and jointly) as applied to debt are not
rejected at the 1 percent level for either output or
employment, regardless of whether or not the coefficient
on the anticipated inflation rate is constrained to 1 .
As applied to money, the rational expectations hypothesis
restrictions are rejected at the 5 percent level for
unemployment, the structural neutrality restrictions are
rejected at the 1 percent level for output and the 5
percent level for employment, and the joint rational
expectations hypothesis-structural neutrality restric
tions are rejected at the 1 percent level for both output
and employment.

When restrictions are placed on both debt

and money, the rational expectations hypothesis is not
rejected in any case.

However, the structural neutrality

restrictions are rejected for unemployment at the 5 percent
level when the coefficient on the anticipated inflation
rate is constrained and for output at the 1 percent level
when the coefficient on the anticipated inflation rate is
not constrained.

Also, when restrictions are placed on

both debt and money, the joint rational expectations
hypothesis-structural neutrality restrictions are rejected
at the 5 percent level for unemployment and at the 1
percent level for output, regardless of whether the
coefficient on the anticipated inflation rate is
constrained or not.

Thus, Canarella and Garston's results

seem to indicate that Barro's conclusions about the impact
of monetary policy, but not fiscal policy, are not well
supported.
McElhatten (1982) examined the effects of an
anticipated and an unanticipated deficit pattern on real
output growth during the 1966:2 to 1979:4 period.

The

results of her analysis suggest that deficits may have
significant real output effects only when they deviate
from anticipated patterns.
temporary.

This influence is, however,

Changes in the deficit are found to crowd out

an approximately equal amount of private sector spending
in the long run and to change the rate of inflation in the
short run and the price level in the longer run.
In her analysis, deficits were measured by their high
employment estimates and the leverage of expenditures and
revenues was considered separately.

The high employment

budget estimates are adjusted to exclude the automatic
effects of inflation on revenues and expenditures,

other

wise, the high employment measures would provide biased
estimates of the economic effect of fiscal policy.
McElhatten indicates that since the high employment
measures are adjusted for automatic changes in the budget
due to changes in business conditions, they depict fiscal
policy actions which can alter market conditions more

accurately than actual deficit measures do.

The previous

studies mentioned above have used actual deficit measures.
Unanticipated changes in the deficit were also
measured differently in the McElhatten study.

Measures

of changes in the components of deficits, high employment
expenditures and receipts, relative to their past average
rates of change for the previous two year period, served
as crude estimates of unanticipated changes in the
deficit.

McElhatten made the assumption that the

inflation rate and the unemployment rate have no direct
impact on the anticipated growth in real high employment
expenditures which is assumed equal to its actual average
rate of change for the previous two year period.
Laumas and McMillin

(1983) investigated the effects

of a measure of anticipated and unanticipated fiscal
policy (the change in the real high-employment surplus
scaled by real potential output)

on real output.

They

used the high-employment surplus measure to rid the
fiscal measure of the influence of automatic stabilizers.
This measure also differs from the ones employed in all
of the previous studies.

An atheoretical statistical

technique based upon a procedure in Mishkin (1982 a and
b) is employed to specify the anticipated fiscal policy
equation.

Their technique involves the use of the

Granger-causality definition in conjunction with Theil's
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R

(minimum standard error) criterion to specify the

appropriate lag length for each variable considered.
The macroeconomic variables that Laumas and McMillin
considered for inclusion in the anticipated fiscal policy
equation are:

the unemployment rate, the inflation rate,

the rate of growth in the money supply (the new Ml
definition), the rate of change in the import price
deflator,

and the three-month Treasury bill rate.

They

test the proposition that only unanticipated fiscal
actions affect real output, using the two-step procedure
outlined in Barro (1977) in which the first step is to
estimate the fiscal policy equation and define predicted
values from this equation as anticipated fiscal actions
while the residuals are used as unanticipated fiscal
actions.

The second step is to estimate the rate of growth

in real output equation and examine the coefficients on
the anticipated and unanticipated fiscal action variables.
Their results suggested that both anticipated and
unanticipated fiscal actions affect actual real output.
They indicated that to the extent that their fiscal measure
was purged of the influence of automatic stabilizers,
their results were inconsistent with models that impose
rationality of expectations and short-run neutrality but
consistent with models in which expectations are formed
rationally and prices and wages are sticky.
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As can be seen from the above survey of the literature
on anticipated and/or unanticipated fiscal policy or debt
effects, neither empirical investigations nor theoretical
endeavors have been able to either verify or refute the
proposition that only the unanticipated component of fiscal
policy or debt affects real economic activity.
Barro's Model
As mentioned in Chapter l, the intent of this paper is
to determine the effect of federal debt behavior on real
economic activity using Barro's (1980) equation for the
growth rate of the public debt as a point of departure.
This necessitates a closer examination of the Barro model
under consideration.

The model consists of an equation

for the growth rate of the public debt and an equation
for each of the real variables, the unemployment rate and
real GNP, that are used to test the public debt equation.
In the context of the rational expectations hypothesis
and structural neutrality, Barro found that only debt
shocks affect output and unemployment.
Barro's equation for the growth of the public debt
is the result of the:

(1) minimization of the present

value of revenue-raising costs subject to the government
"overall" budget constraint (which yields a constant taxincome ratio);

(2) determination of the equation for

current taxes;

(3) derivation of the equation for the

current government deficit from the government budget
equation? and (4) expression of the current government
deficit equation in growth terms.

In developing the

model, Barro assumed for efficiency reasons that debt,
not taxes, is used to finance temporary changes in
government expenditures.
Barro's (1980, p. 754) equation for the growth of the
public debt is a modified version of his earlier (1979)
debt equation and indicates that the normal or antici
pated growth of public debt is a function of anticipated
inflation, real federal expenditure (relative to "normal"
spending), and deviations of GNP from its trend.

The

equation is as follows:

DBt = a0 + * ! » % + a2fPt<FEDt - FEDt>/Btl +
a3 fPt ™ t /Bt )lo?( V

V

+ u it'

(3-1)

where
DBt = log(Bt/Bt_1 ), where Bfc is the par value of the
stock of privately held interest-bearing debt
at the end of the year,
Bt = /(B

6

P^. = the GNP deflator, 1972 base,
g

Since Bt is introduced into the right-hand side of
equation (3-lj through this definition, Barro carried out
his estimation of equation (3-1) by using B. . instead of
Bt as a scaling factor.
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iret = E[log(Pt + 1 ) ] - log(Pt ) is an anticipated
inflation rate,

7

7
In the anticipated inflation equation, E [ l o g ( P . ,,)]
is a forecasted price level based on the following pfice
equation where it is assumed that the coefficient on
log(M. ) is one:
Iog(P. ) = -4.55 + log(M.) - 0.74DMR. - 1.48DMR. , (0.13)
t
(0.17)
t
(0.20)
t- 1
1.78DMR.
(0.24)

, - 1.34DMR*. _ - 0.69DMR.
(0.22)
(0.17)
r 4

0.32DMR.
(0.14)

- + 0.59(G/y). + 3.8r.
(0.14)
^
(0.9)

R 2 = .9987,

D-W = 1.7,

- 0.0106t,
(0.0018)

3 = 0.012.

The results apply to annual observations for the
1948-76 period and measure P by the GNP deflator (1972
base) and r by Moody's Aaa index of corporate bond
rates.
G/£ is used as an instrument for G/y, where y
is the value e x p [log(y)] and log(y) is calculated from
the estimated output equation that is given below.
The
variable rt , is used as an instrument for rfc. Standard
errors are shown in parentheses and 3 is the standard error
of estimate.
The variables are:
= an annual average of Ml
from then recent issues
of the Federal Reserve Bulletin, incorporating the
revision of data from the February 1976 issues,
DM. = log(Mt ) - log(M._1) is the annual average
growth rate of money,
DMR. = the residuals of the DM. equation,
yt = real GNP in 1972 dollars,
G. = real federal government purchases of goods and
services in 1972 dollars, and
t = time trend.
Specifically, the estimated growth rate of money
equation is:
DM. = 0.082 + 0.41DM. . + 0.21DM. „ + 0.072FEDV. +
r
(0.027) (0.14)
(0.12)
(0.016)
0.026UN. .,
(0.0009
R 2 (weighted) = 0.77, D-W = 1.9, 3 = 0.015.
Using a weighting scheme where the World War II
observations are weighed less heavily than the postwar

FEDfc - FEDj. = real federal expenditure (nominal spend
ing divided by the GNP deflator) rela
tive to normal (real expenditure based
on a distributed lag of current and past
values of real federal expenditure),
log(Yt/Yt ) = real GNP, 1972 base, relative to ,its
trend value Y^, and
u^

= a stochastic error term.

values and annual data, this equation is estimated
over the 1941-76 period.
Standard errors are shown
in parentheses and 8 is the standard error of estimate
(applying to the error term for the post World War II
period). The variables that have not been defined
previously are:
^
FEDV*. = log (FED.) - [log(FED) ] t measures
federal expenditure relative to normal,
where FED js current real expenditure and
[log(FED)] t is an exponentially declining
distributed lag of current and past
values of log(FED), using an adaptation
coefficient of 0.2 per year (as discussed
in Barro (1977, p. 103)),
UN,.
= log[U/(l-U)] = a cyclical variable, where
U is the unemployment rate in the total
labor force.
The estimated output equation, using annual data from
the period 1946-76 and the residuals from DM. above to
measure DMR, is:
log(y.) = 2.95 + 1.04 DMR. + 1.21DMR. . + 0.44DMR. , +
(0.04) (0.21)
r
(0.22)
r“'L
(0.21)
0.26DMR.
(0.16)

+ 0.55MIL.
(0.09)

+ 0.0354t,
(0.0004)

2
2
R « .9980, R with y measured relative to
trend = .82, D-W = 1.8, 8 = 0.016,

where 8 denotes the standard error of estimate and MIL is
the ratio of military personnel to the male population age
15-44 for years in which a selective draft was in effect.
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The growth of debt is expected to be positively
related to anticipated inflation.

In fact/ to maintain

the government budget constraint in real terms, the
coefficient of expected inflation in the growth of debt
equation should be equal to one,

indicating that the

nominal debt growth rate should be increased by the amount
of expected inflation.
The growth of debt should be positively related to
real federal expenditure (relative to "normal" spending)
and inversely related to deviations of GNP from its trend.
If real federal expenditures are temporarily below (above)
normal, then the deficit decreases (increases) and there
is a decrease

(increase)

in the growth of debt.

Similarly,

if income is temporarily below (above) trend, then tax
revenues fall below (rise above) planned levels causing
an increase (a decrease)
increase (a decrease)

in the deficit and there is an

in the growth of debt.

The equation for the unemployment rate is a modified
version of an equation in Barro (1977) and indicates that
unemployment rates are explained by current and lagged
monetary shocks,

the proportion of real federal purchases

to GNP, and lagged debt shock.

The equation is as follows:

UNt = b Q + b 1DMR^. + b 2DMRt_ 1 + b3 (G/Y)t +
b4DBRt-l + u 2t
where

t3'2 >
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UNj. = log[U/(l-U)] where U is the unemployment rate
in the total labor force, including military
personnel,
DMR^. = the residuals of the money growth rate
equation,
G fc = real federal purchases in 1972 dollars,
Yt = real GNP in 1972 doll a r s ,8
DBR^.^ = the residuals from the public debt growth
rate equation, DB^., where a^ = 1, and
u 2t = a stochastic error term.
In the equation, the impact of current and lagged
values of unanticipated money growth measures the effects
of money expansion on the unemployment rate.

The ratio

of real federal purchases to real GNP captures the impact
of fiscal policy, and the effects of debt expansion on
the unemployment rate are measured by the impact of the
lagged value of unanticipated debt growth.
The equation for real GNP is a modified version of an
equation in Barro (1978) and indicates that output is a
function of time, current and lagged monetary shocks, real
government purchases, and lagged debt shock.

The equation

is as follows:
8

A

Barro considers the variable (G/Y)t as an instrument
for (G/Y)t because of the possible endogineity with respect
to u„t of the Y variable.
Y. is an estimated value of Y.
based on equation (3-3).
However, he uses (G/Y)t since
using (G/Y)^ altered the estimates negligibly.

log(Yt ) = cQ + c^t + c 2DMRt + c 3DMRt _1 +
c4log(Gt> + c5DBRt-l + U 3t'

f3"3)

where the only variables not yet defined are:
t = time trend and
u 3t = a stochastic error term.
The impact of current and lagged values of unantici
pated money growth indicates the effects of money expan
sion on output whereas the impact of the lagged value of
unanticipated debt growth indicates the effects of debt
expansion on output.

Real federal purchases denote the

impact of fiscal policy and the time trend is included to
capture the secular movement of normal output.
The hypothesis that debt growth influences output
only when this growth is unanticipated implies that
current and lagged values of the residual from the public
debt growth rate equation, DBR, are retained in the output
and employment equations, but current and lagged values of
actual debt growth, DB, are not.

The current value of DBR

is excluded from these equations by Barro (1980, p.756)
because they are, "by construction, orthogonal to a
variable that is closely related to the [deviation] of
current real GNP from trend."
Barro (1979, p. 960) estimated the public debt growth
rate equation using annual data over the 1948-76 period
without a restriction placed on the value of the coef
ficient of the iret variable, a lf and then with a1

36
constrained to equal the theoretical value of unity, which
says that "anticipated (exogenous) inflation has a
one-to-one effect on the growth rate of nominal debt."9
The basic empirical procedure used by Barro (p. 755)
was to examine the effects of the residuals from the
equation containing the constraint on the coefficient of
Tre^_— interpreted as debt shocks— on output and the
unemployment rate.

Since, Barro argues, the residuals are

"orthogonal to a variable that is closely related to the
[deviation] of current real GNP from trend," this empirical
procedure being used prevents "the isolation of
contemporaneous effects of debt shocks on output and the
unemployment rate."10
The unemployment rate equation and the real GNP
equation are estimated for annual data over the 1949-77
period.
q
Barro, "Federal Deficit Policy and the Effects of
Public Debt Shocks," p. 750.
Canarella and Garston (1983)
found that in the context of the FIML test procedure this
restriction is related to the rational expectations
assumption, although Barro (1980) discusses it as if it is
independent of the assumption.
In the context of the FIML
test procedure, when a. is constrained in the debt
equation, it is also constrained in the reformulation of
the output equation which is used in testing the rational
expectations hypothesis as applied to the determination of
real output.
According to Canarella and Garston, the
probability levels obtained in the tests for a. as con
strained vary with the other restrictions employed.
10I b i d . , p.

756.
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Barro found that lagged values of actual debt growth
were insignificant when added to equations (3-2) and (3-3)
and that the estimated coefficients of the variables
DMRt , DMRt_1/ and DBRt_1 remained significant with
the introduction of these variables.

These results

imply debt shocks, as opposed to anticipated debt move
ments,

influence the unemployment rate and output.

Mishkin (1982 a, p. 41) notes that "the econometric
difficulty with the two-step procedure [used by Barro]
is not that the parameter estimates will be inconsistent,
but . . . that the resulting test statistics are invalid."
The two-step procedure ignores the "off-diagonal elements
in the information matrix of the joint estimates" and this
leads "to test statistics that do not have the correct
asymptotic distribution . . . [which] can lead to inappro
priate inference."
Barro's Money Equation
The money-growth equation that is used as the point
of departure in this study is the Barro (1977) equation.
This equation is as follows:
DMt = g 0 + g 1DMt_1 + g 2DMt_2 + g 3FEDVt +
g4iog[u/(i-u)]t_ 1 + u 4t

(3-4)

where
Mt = an annual average of the Ml definition of the
money stock,

DMt = log(Mt/Mt _ 1 ) ,
FEDVt = log(FEDt ) - [log(FED)]*t where FED is real
federal expenditure and [log(FED)]*t =
(3[log (FED) ]t + (1 - fj) [log (FED) ] *t-1 is an
exponentially declining distributed lag of
log(FED) using an adaptation coefficient
of 3 = 0.2 per year,
U - the annual average unemployment rate in the total
labor force, and
u 4£ = a stochastic error term.
The two lagged values of money growth included as
explanatory variables are designed to pick up any auto
correlation or lagged adjustment not captured by the other
independent variables.

The federal spending variable is

included to capture the positive effects of temporary
government spending on money creation.

A positive

response of money to the measure of lagged unemployment
could indicate either a countercyclical policy response
or a lowering of real balances due to a fall in real
income.
In the next chapter, the anticipated debt equation
and the anticipated money equation are specified, using
an atheoretical statistical technique similar to one that
is outlined in Mishkin (1982 a and b ) .

The Granger-

causality definition in conjunction with Akiake's final
prediction error (FPE) criterion is used to specify the

appropriate lag length for each right-hand side variable
considered in each equation.

To determine the order in

which the variables are to be included in the equations,
the specific gravity (SG) criterion of Caines, Keng, and
Sethi

(1981) is used.

Chapter 4
The Specification and Estimation
of Debt and Money Growth Equations
Instead of accepting Barro's (1980 and 1977,
respectively) specification of the equations for the growth
rate of the public debt and the growth rate of the stock of
money, an atheoretical statistical technique, such as the
one outlined in Mishkin (1982 a and b) for the specifica
tion of an equation for money, is used to specify the
anticipated debt equation and the anticipated money
equation.

This technique may yield specifications that are

preferred to those based on economic theory for two
reasons.:

(1) it excludes any information available to

economic agents at time t -1 that is not a useful predictor
of a policy variable, whereas this information is difficult
to exclude on theoretical grounds; and (2 ) it circumvents
a search by the researcher for a specification that yields
the expected results.

1

The atheoretical statistical technique employed in
this study will use the Granger-causality definition in
conjunction with Akiake's minimum final prediction error
(FPE) criterion to specify the appropriate lag length for
each right-hand side variable considered in the debt and
i
G. S. Laumas and W. D. McMillin, "Anticipated Fiscal
Policy and Real Output," Review of Economics and
Statistics. 66 (August 1984), p. 468.
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money equations.

An arbitrary specification of the

number of lags will lead to biased coefficient estimates
if the true lag length for some variables is longer than
the arbitrary specification and will lead to an increase
in variance if the true lag length for some variables is
shorter than the arbitrary specification.

Akiake's

minimum FPE criterion balances risk due to the bias from
specifying a lag length shorter than the true lag length
and the risk due to the increase of variance from specify
ing a lag length longer than the true lag length.

The

minimum FPE criterion allows the data to determine the
lag length and thus permits each variable in an equation
to have a different number of lags.
The specific gravity (SG) criterion of Caines, Keng,
and Sethi (1981) is used to determine the order in which
the variables are to be included in the equations.
specific gravity is the reciprocal of the FPE.

The

Causal

variables are ranked in order of decreasing SG and the
variable with the highest SG is added to the equation.
After the debt equation and the money equation are
specified using Akiake's minimum FPE criterion and the
SG criterion, F-tests are performed to test the joint
significance of the distributed lag coefficients for
each variable in each equation.

Based on these F-tests,

variables are either retained in or deleted from the
debt and money equations.
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Once the model is specified, it will be estimated
using the two-step procedure employed by Barro (1977),
Makin (1982) and Laumas and McMillin (1984).

The

assumptions of rational expectations and structural
neutrality will be tested jointly for public debt.
As noted in Chapter 3, Barro (1980) used annual data
for the period 1948 to 1976 in the estimation of his debt
equation.

In the estimation of his money equation, Barro

(1977) used annual data for the period 1941 to 1978 where
the World War II observations were weighed less heavily
than the postwar values.

In this study, seasonally

adjusted, quarterly data for the period 1957:2 to 1984:4
will be used in the estimation of the debt and money
growth equations.

The second quarter of 1957 was chosen

as the starting date since it was assumed a priori that
the highest order lag in both the debt and money equations
is 12 and we wished to avoid using data prior to the
complete unpegging of interest rates by the Federal
Reserve in early 1953.
Both par values and market values for public debt
will be used in the specification and estimation of the
debt equation.

It has been suggested (Cox 1985) that

the market value of public debt is a better measure of
the total indebtedness of the government to the private
sector.

Market value, which is the present value of

debt, is most closely related to wealth and thus con-

sumption decisions.

However, par values, which are the

values of debt at maturity, have been used most often in
economic research.

Barro (1979) used a par value series

in his estimation of the debt equation.

At that time, a

market value of debt series was not available.

After

being provided a market value series by Seater, Barro
(1980) later reported that using market values did not
significantly affect his results.
Specification of the Anticipated Debt Equation
In addition to the variables of Barro's (1980)
equation for the growth rate of the public debt—
anticipated inflation, real federal expenditure relative
to normal and deviations of GNP from its trend— several
other variables are considered for inclusion in the
anticipated debt equation.

These variables are:

the

federal debt-income ratio, denoted by the previous year's
ratio of real debt to normal real income or
Bt_1/(pt-i^t-l ) ' the c^an9e

interest rates; the

money supply as denoted by the Ml definition; the balance
on current account; and the unemployment rate.
In this study, the anticipated inflation variable,
the real federal expenditure variable, and the federal
debt-income ratio are calculated differently than in the
Barro model.

The anticipated inflation variable is

specified in terms of the inflation rate, instead of the
price level, because of the difficulties encountered in

attempting to reproduce Barro's forecasted price level.
Real federal expenditure relative to trend, instead of
normal, is used due to the inability to reproduce the
"normal" variable.

Lastly, the federal debt-income ratio

is denoted by the previous year's ratio of real debt to
trend real income.
The first two additional variables are chosen because
Barro's (1979) theoretical model makes an assumption about
each of them.

First, the theory predicts that the level

of debt or the debt-income ratio is irrelevant for current
debt issue.

An implication of the model is that, on

average, the debt-income ratio is expected to remain
constant.

However, the model "does not determine a target

or steady-state debt-income ratio.

The ratio . . .

reflects only the accumulation of realized values of
government expenditure relative to normal and income
relative to normal which would have zero mean, ex ante,
but do not have to add to zero, ex post."

There is

nothing in the model which will cause the debt-income
ratio to approach some target value that would depend on
the underlying parameters of the model.
Secondly, the theory suggests that a change-in-theinterest-rate variable should be added to the debt

2
Robert J. Barro, "On the Determination of the
Public Debt," Journal of Political Economy. 87
(October 1979), p. 950.
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equation.

Holding the price level constant, the model

implies that when the interest rate in period t exceeds
the interest rate in period t-1 , the growth rate of
debt is decreased, in the case of one-period debt.

Thus,

it follows from the model that the growth rate of debt is
inversely related to the change in the interest rate.
Barro denoted a change in the interest rate by a
change in an index of the interest rate on government
bonds.

His justification for using this measure of the

variable was that "a proper measure of the variable
would entail the construction of an appropriate average
coupon rate on outstanding debt" (p. 956) and had not
been constructed.

The distinction between an index of

the interest rate on government bonds and an appropriate
average coupon rate on outstanding debt was not given.
Two measures of the interest rate are considered in
this study:

one short-term, the three-month Treasury

bill rate; and one long-term, the U. S. Treasury composite
interest rate, 10+ years.
The other variables are chosen for their macroeconomic interest.

Specifically, the money supply is

chosen because changes in the amount of outstanding debt
may occur to offset undesirable changes in macro and
financial market variables that result from changes in the
money supply; the balance on current account is chosen
because current account deficits, other things being

equal, lead to decreases in tax collections and budget
deficits that may be financed through the sale of
government bonds; and the unemployment rate is chosen to
capture the countercyclical response of government and
because changes in unemployment rates are associated with
changes in income that automatically change net taxes and
thereby affect the deficit and hence debt.
The first step in the specificatiion of the antici
pated debt equation is the determination of the own lag
length for the debt variable.4

This determination is

made by varying the lag in the autoregression
DBt = a0 + aifc + a 2 (L)DBt + ut
from 1 to n where
DBt = the growth rate in the public debt,
t = time trend,5
a 0 (L) = a distributed lag polynominal such that
a_(L) =

2

n
1 , where L is the lag
E a„.LJ

j=i 23

i

operator such that LJ DBt = DBt_ ^ , and
n is the highest order lag (specified
a priori to be 12), and
u t = the zero mean white-noise error term.
"

3

■

—

■

See Appendix A for the definition of the variables.

DB is regressed on its own lagged values to ensure
white-noise residuals.
5
The variable t is added to the equation to render
DB stationary.

Then the FPE, which is defined for lag j, j - l, ...

, n

as
F P E (j) = [(T + j + 2)/(T - j - 2)](SSR(j)/T)
where
T = the number of observations used in estimating
the autoregression, and
SSR - the sum of squared residuals,
is calculated for each autoregression.®

The lag length

that minimizes the FPE is selected as the order of a ^ ( L ) .
Second, the order in which the other variables
will enter the anticipated debt equation is determined.
The procedure begins with the estimation of the
bivariate equation
DBfc = aQ + a1t + a2 (L)DBt + a3 (L)Xt + u fc,
where
a3 (L) = a distributed lag polynomial defined in a
manner similar to a2 (L) and
Xt = the relevant variables (considered one at a
time),
for each of the other variables under consideration.
The distributed lag polynomial

■‘■s fixe<*

g
According to Hsiao (1981, p. 89) and Caines, Keng,
and Sethi (1981, p. 269), the minimum final prediction
error (FPE) criterion ". . . is equivalent to applying an
approximate F-test with varying significance levels."

previously determined order (j) while the lags in a3 (L)
are varied over k, k = 1, ... , n.

The FPEs for the

resulting equations are defined for lag k, k = 1 , ... ,
as
F P E (j,k) = [(T + j + k + 2)/(T - j - k - 2)](SSR(j k)/T)
and calculated.

The lag length for Xt that yields the

minimum FPE is selected as the lag order for that
variable.
Third, trivariate equations involving the lagged
values of DB and lagged values of two of the other
relevant variables are estimated.

At this-point, a

problem arises since the specification of the equation
within which the Granger-causality testing is to be
performed is not, in general, invariant to the order
in which the variables are included in the equation.
Determination of this order can be made by theoretical
or practical considerations or some specific criterion.
In this study, a specific criterion— the specific
gravity (SG) criterion— is used to determine the order
in which the other variables are added to the debt
equation.

The specific gravity of DB with respect to

a specific variable is defined as the reciprocal of
the FPE in the bivarate DB-relevant variable equation.
The variable with the highest specific gravity is
added to the DB equation with the lag order from the
relevant bivariate equation.

The trivariate equation
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DBt = a0 + a lt + a2 (L>DBt + a3<L)Xl,t + a4 (L)X2,t + V
where
t = the variable with the highest specific
gravity,
a^(L) = a distributed lag polynomial defined
analogously to a2 (L) and a3 (L), and
X2 ^ = the remaining variables {considered one at
a time),
is then estimated.

The distributed lag polynomials

a2 (L) and a3 (L) are fixed at their previously determined
orders,

(j) and (k) respectively,

are varied over 1, 1 = 1 ,

... , n.

and the lags in a 4 (L)
The FPEs for the re

sulting regressions are defined for lag 1 , 1 = 1 , ... , n
as
F P E (j,k,l) =

+ j + k + 1 + 2)/(T - j - k - 1 - 2)].

<SSRj,k,i/T>
and calculated.

The lag length that yields the minimum

FPE is selected as the lag order for that variable.
Next the variables represented by X2 are ranked in
order of decreasing specific gravity (SG),

The variable

with the highest specific gravity in this group is added
to the debt equation with the lag length from the relevant
trivariate equation.

Fourth, four variable equations are

estimated for the remaining variables, and the process
continues in an analogous fashion until all variables are
added to the equation.

Lastly, F-tests of the joint

significance of the lagged values for each variable are
performed on the debt equation to determine which
variables are to be retained in or deleted from the debt
equation.

7

The procedure outlined above is employed for both
the growth rate of market value of debt and the growth
rate of the par value of debt.

Since two measures of the

interest rate are considered for each definition of debt,
there are four debt equations.
The information obtained at each step of the
specification process of the market value of debt
equation, D M B ^

when the three-month Treasury bill rate

denotes the interest rate, is found in Appendix B, Table
12.

The first variable to enter the equation is the

growth rate of the money supply as measured by Ml, with a
lag length of six quarters.

The second variable to enter

the equation is the three-month Treasury bill rate, with a
lag length of three quarters.

Continuing the procedure,

the following equation is obtained:
5
6
DMB-.
= a_+ a.t + 2 a_ .DMB, .+ 2 a_.DMl. .+
It
° 1
j=1 23
t -3
j=1 33
t-3
3
2 a. .TB3M0. . + a „ Y M B N . - + ae_MBFEDT. - +
43
t-3
51
t-1
61
t-1
7

The F-tests performed involve the use of an
unrestricted model and a restricted model in which the
coefficient of one relevant variable is hypothesised to
be equal to zero. This procedure is repeated for each
variable.
See Kmenta (1971), pp. 370-371.

jf1a7jMBYt-j + a81BALPAYt-l + a91URt-l +
al01EPIt-l

f4"1 )

where
DMB^. =

is the growth rate of the
market value of debt MB as calculated by
Cox (1985),

DMlfc = log(Ml^/Ml^._1 ) is the growth rate of the
Ml money supply,
TB3M0^_ = the change in the three-month Treasury bill
rate,
EPIt = the anticipated inflation rate and the fitted
value for the actual inflation equation
DPDt = lo9(pt/pt-l^ where pt ‘*'s the GNP
deflator, 1972 b a s e ,8
Q

The forecasted inflation rate is based on the
following inflation equation which is derived through
the same procedure used to specify the debt equation:
DPD. = .000969 + .0Q0021t + .317485DPD*.
+
(1.3302)
(0.5323)
(3.5416)
±
.162044DPD.
(1.8750)
.204403IR.
(2.3029)

. + .263663DPD.
(2.9777)

, + .056497DPD.
(0.6322)

- .282884IR,. „ + .132099DM1.
(-3.1608) d
(2.5774)

.003510DM1.
(0.0654)

_ - •002517DM1+.
(-0.0481)

.001504DM1.
(-0.0283)

+ .002585DM1.
(0.0506)

. +
+

+ .092506DM1,
(1.7883)

-

+ .028922DMli. n
(0.5510)

+

.080736DM1. _ + .099330DM1. Q ,
(1.5594)
t-8
(1.8399) t_9
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YMBNt =

[ (PtFEDTRDt )

] [log (Y^/YTRD.^.) ] where

FEBTRD^. is the trend value of real federal
expenditure (nominal spending divided by the
GNP deflator), Yfc is real GNP, and
R 2 - .773, D-W = 2.03, 3 = .003, Q(l) = .048, Q(4) = .877
The results apply to quarterly observations for the
1954:2 to 1984:4 period.
This time period begins the
second quarter of 1954 because, for consistency, it is
assumed that the highest order lag in the inflation
equation is 1 2 , and the inflation equation is used in the
specification of the debt equation.
T-statistics are
shown in parentheses, 6 is the standard error of estimate,
and Q(K) is the Box-Pierce Q-statistic for Kth-order
serial correlation.
The Q-statistic, which is approxi
mately distributed as chi-square with K degrees of freedom
where K is the number of autocorrelations, is used to
check for serial correlation because the D-W bounds test
is inappropriate when there are lagged dependent variables
in the equation.
The critical values for Q(l) and Q(4)
are 2.71 and 7.78, respectively, at the 10% level of
significance.
The variables are:
DPD. s
actual inflation rate
where Pfc is the GNP deflator, 1972 base,
IRt = (R. .) where R. is Moody's Aaa index
of corporate bond rates, and
DMl^. = the growth rate of the Ml money supply.
The inflation equation is formulated in the manner
contemplated by Barro (1978).
Barro indicates in footnote
7 on page 559 that his "initial inclination was to specify
an equation in terms of the inflation rate . . . , rather
than the price level" and states how the equation would be
formulated. However, he decided to specify the equation in
terms of the price level because the error term "in the
first-difference rate of inflation form would show strong
negative serial correlation [when] the error term in [the
price level form] is serially independent (or does not
show strong positive serial correlation)." The other
variable considered for inclusion in the inflation
equation and eliminated by the specification process is
real federal purchases in 1972 dollars.
See Appendix B,
Table 11 for the specification of the anticipated
inflation equation.

log(Y1./YTRDt ) is the deviation of real GNP
from its trend, YTRD,
MBFEDTt = [Pt (FEDt - FEDTRD^.) ]/MBt-1 where FEDfc is
real federal expenditure and (FEDt FEDTRDj.) is real federal expenditure
relative to trend spending,
MBYt B

(pt-lYTRDt-l^

tlle ^ ebt"inco]:Iie

ratio,
BALPAY^. = the balance on current account, and
URt b

log[U/(l-U)] where U is the unemployment rate
in the total labor force.

The information obtained at each step of the
specification process of the market value of debt
equation, DMBt , when the U. s. Treasury composite
interest rate, 10+ years denotes the interest rate, is
found in Appendix B, Table 13.

The equation obtained

is:
5
DMB,
>2t ” a0 + alt +

3 +

6
a 2jDMBt-j +

.!,a 3jDM 1t-j +
3 l
2

4
2 a,jFEDRx
j! 1a4jFEDRt-j + a51YMBNt-l + j£la 6jBALPAYt-j +
3=
+ aSlMBFEDTt-l + j£ 1a9jDR t-j +
a i01EPIt-l

(4-2)

where
FEDR^. = the change in the U. S. Treasury composite
interest rate, 10+ years.
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After performing F-tests on equations (4-1) and
(4-2), the equations for the market value of debt are
specified as:
6

3

DMBl t = a 0 + a xt + .Xi a 3 j DMlt . j +

£*>., j TB3M0 t - j +

aS l YMBNt - l + a 61 MBPEDTt - l + J
3

a 7 j MBXt - j +

a 81BALPAYt-1 + agiUR t_1

(4-1')

5

DMB2 t = a 0 + a i fc +

6

£ a 2 j DMBt - j + .£ a 3 j DM1 t - j +

3 1

3 1

4
2
Z a.-FEDR. . + a K1 YMBN,. . + E a,.BALPAY. . +
j=1 4]
t-3
51
t-1
j_ 1 63
t -3
3
Z a ?jMBYfc__j + a81MBFEDTt_1

(4-2*)

Even though the procedure indicated that DMBlt should
contain

its own lagged values and the inflation rate, they

are not

included in the final equation.

This is

possible

since the FPE criterion is equivalent to using an F-test
with a varying significance level.

This equation differs

from Barro*s formulation in that it includes the growth
rate of the money supply, a change-in-the-interest-rate
variable, the debt-income ratio, the balance on current
account and the unemployment rate variable and excludes
the inflation rate.
The second equation, DMB2 t , does not include the
inflation rate and the unemployment rate variable.

It

differs from Barro's formulation in that it includes the
growth rate of the money supply, the change in the long
term interest rate, the balance on current account, and
the debt-income ratio.
Contained in Appendix B, Tables 14 and 15, is the
information obtained at each step of the specification
process of the par value of debt equations.

The

equations are:
5
DPBlt = a0 + alt + A

6
a2jDPBt-j + .£,a 3jVPBNt-j +

Z aA -TB3M0. , + I
j = i 43
t_3
j= i

*PBFEDT, . +
t_3

53

4
ji ia6jBALPAYt_j + a71U R t.1 +

2

+

.^agjDMlt.j + a101PBYt. 1

DPB-. = an + a-t + Z a ot.DPB. . +
2t
0
1
j=1 2t
t-]
3
Z a..PBFEDT.
j=! 43

(4-3)

z a,.YPBN. . +
33
t-3

4
. + z a^.BALPAY. . +
3
j=l 53
t_3

^ a 6j D M l t _j + ^ ia 7j E P I t _j + j £ ia SjU R t-j +

a91PBYt-l + a 101FEDRt-l

(4“4)

where the variables that have not been defined are:
DPBt 5 log(PBt/PBt_ 1 ) is the growth rate of the
par value of debt PB as calculated from
Cox (1985),

YPBNt = [(PtFEDTRDt )/PBt_1 3[log(Yt/YTRDt )] where
log(Yt/YTRD^.) is the deviation of real GNP
from its trend and PB^. is the scaling factor
for the trend value of real federal expendi
ture FEDTRD,
PBFEDTt 2 [P(FEDt - FEDTRDfc)]/PBt_ 1 where
(FEDt - FEDTRD^.) is real federal expendi
ture relative to trend and PBt_1 is the
scaling factor, and
PBY^ = PBt_1/(Pt_1YTRDt _1) is the debt-income
ratio.
After performing F-tests on equations (4-3) and
(4-4), the following equations for the par value of debt
are specified:
5
+

6
2 a3jYPBNt_j +

j= l
3
4
2 ac
P.
Brorjiui.
F E D T . . + j a .BALPAY
j=i 53
fc“3
j=l 63

. +
3
(4-3')

5
+
3
2 a..PBFEDT.

3-1 43
6

. +

^

6
2 a _ .YPBN. . +
j=l 33
r 3

4
2 a c .BALPAY. • +
j=l 53
t-3

2
(4-4')

Equation (4-3'), D P B ^ ,

does not include the

inflation rate, the growth rate of the money supply, the

debt-income ratio, and the short-term interest rate.

The

equation differs from Barro's formulation in that it
includes the balance on current account and the unemploy
ment rate variable and excludes the inflation rate.
Equation (4-4'), DPB2£, does not include the inflation
rate variable, the debt-income ratio, and the long-term
interest rate.

It differs from Barro's formulation in

that it includes the balance on current account, the
growth rate of the money supply, and the unemploymentrate variable and excludes the inflation rate.
In short, two of Barro's variables, the deviation of
real GNP from trend multiplied by the trend value of real
federal expenditure scaled by lagged debt and real federal
expenditure relative to trend scaled by lagged debt, are
included in all four of the debt equations.

The inflation

rate is not included in any of the four equations.

This

may be due to the different way in which the anticipated
inflation variable is calculated.

Barro used a price

equation that is a function of output and unanticipated
money growth to forecast the price level that is used in
calculating his anticipated inflation variable, whereas
in this study the anticipated inflation variable is
formulated in terms of the inflation rate which is a
function of variables other than output or unanticipated
money growth.
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The interest rate and the debt-income ratio, which
are not included in Barro’s equation, are included in the
market value but not the par value of debt equations.
Since the market value of debt is its present value and
the par value of debt is its value at maturity, it is not
surprising that the interest rate is an important deter
minant of the market value of debt but not the par value.
It is not clear why the debt-income ratio is a determi
nant of the market value of debt but not of the par value.
The balance on current account is included in all
four of the debt equations and the unemployment variable
is included in three of the four equations.

(The unemploy

ment variable is not included in equation (4-3), the par
value of debt equation in which the interest rate is the
short-term rate.)

Neither of these variables is included

in the Barro equation.
Estimation of the Anticipated Debt Equations
The debt equations were estimated using ordinary
least squares (OLS).

The estimated equations are

presented in Tables 1 through 4.

The estimation results

for equation (4-1*) are presented in Table 1.
adjusted R

The

for the equation is approximately .70 which

indicates that the variables included in the model account
q
All models are estimated using the Times Series
Processor (TSP) package, Version 4.0.

Table 1 . The Estimated Market Value of Debt Equation for
the Period 1957:2 to 1984:4 when the Three-Month Treasury
Bill Rate Denotes the Interest Rate.
Dependent Variable:
Explanatory
Variable

DMBfc * log(MBt/MBt_ 1) .

Estimated
Coefficient

T-Statistic

C

0.0969473

1.7507

t

0.0003762

1.5491

-0.4437496
-0.8758519
-0.1127670
0.3600185
0.0061205
-0.6228896

-1.6095
-2.9901
-0.4457
1.3477
0.0244
-2.5096

DM1
t-1
t-2
t-3
t-4
t-5
t-6
TB3MO
t-1
t-2
t-3

0.1375331
0.2453509
-1.005912

0.6537
1.0410
*3 .8456

YMBN
t -1

-0.2914167

-2.6206

MBFEDT
t-1

0.1967122

3.7624

t-1
t-2
t-3

-0.6039996
0.0342929
0.4309766

-1.4944
0.0585
1.1908

BALPAY
t-1

-0.0000005

-2.5169

0.0186079

1.7305

MBY

UR
t-1

Standard Error of Regression

0.141557

R-Squared

0.744

Adjusted R-Squared

0.697

D-W Statistic

2.06
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Table la-Continued.
Q(l)

:

0.0973

Q(4)

:

1.01

—

H 1■

IB—

^ —

' ■1_J—

g—

Bg—

g—

.

Mg —

gr»-p—

^

NOTE: aThe variables are defined as: C = constant,
t = time trend, DMB = the growth rate of the market value
of debt, DM1 = the growth rate of the Ml money supply,
TB3M0 = the change in the three-month Treasury bill rate,
YMBN = a scaled measure of the deviation of real GNP from
its trend, MBFEDT = a scaled measure of real federal
expenditure relative to trend spending, MBY = the debtincome ratio, BALPAY = the balance on current account, and
U R = the unemployment rate variable.
for approximately 70 percent of the fluctuations in the
growth rate of the market value of debt.
statistic is 2.06.

The D-W

The D-W bounds test was indeterminate,

so the Box-Pierce Q-statistic was calculated to check for
serial correlation in the equation.

The Q-statistic is

used to test the joint hypothesis that all of the autocor
relation coefficients are zero.

The Q-statistic is ap-

proximately distributed as chi-square

) with K degrees

of freedom where K is the number of autocorrelations.

The

calculated value of the Q-statistic for first-order serial
correlation is 0.097 and the calculated value of the
Q-statistic for fourth-order serial correlation is 1.01.
The critical values of Q(l) and Q(4) are 2.71 and 7.78,
respectively, at the 10 percent level of significance.10
1o

Pindyck and Rubinfeld (1981) indicate that the
critical 10% level tends to be used as a cutoff for the
Q-test in practice.
The critical values of Q(l) and Q(4)
are 3.84 and 9.49, respectively, at the 5 percent level.
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Since the calculated values of Q(l) and Q{4) are less than
the critical values, the null hypotheses of no first-order
and no fourth-order serial correlation were not rejected
at the 10 percent level.

That is, we can be 90 percent

sure that the true autocorrelation coefficients are all
zero.

Thus, the hypothesis that the time series was

generated by a white noise process can not be rejected.
Due to the number of lags, interpretation of the
individual coefficients is very difficult, as is also the
case with the other equations.
In Table 2 are the estimation results for equation
2
(4-2’). The adjusted R for the equation is .70. The
D-W statistic for the equation is 2.13.

Due to lagged

dependent variables in the equation, the D-W bounds test
is inappropriate.

Thus, to check for serial correlation,

the Q-statistic was computed.

The calculated values of

Q (1) and Q(4) are 0.566 and 1.61, respectively, so that
the null hypotheses of no first-order and no fourth-order
serial correlation were not rejected at the 10 percent
level.
Table 3 contains the estimation results for equation
o
(4-3'). The adjusted R is .81.
The calculated values
of Q (1) and Q(4) are, respectively, 0.161 and 0.817.
Again, the null hypotheses of no first-order and no
fourth-order serial correlation were not rejected at the
10 percent level of significance.
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Table 2 . The Estimated Market Value of Debt Equation for
the Period 1957:2 to 1984:4 when the U. S. Treasury
Composite Interest Rate, 10+ Years Denotes the Interest
Rate.
Dependent Variable:
Explanatory
Variable

DMBt = log(MBt/MBt_ 1) .

Estimated
Coefficient

T-Statistic

C

0.0440693

0.1501

t

0.0006120

3.2407

t-1
t-2
t-3
t-4
t-5

0.1960923
-0.4818020
0.7777442
0.1507873
-0.1289871

1.4575
-1.6750
2.9123
1.3543
-1.3525

t-1
t-2
t-3
t-4
t-5
t—6

-0.5612566
-0.4815856
-0.0877682
0.0212599
-0.2260043
-0.8168841

-2.0743
-1.7959
-0.3296
0.0869
-0.8854
-3.3410

FEDR
t-1
t-2
t-3
t-4

1.318482
-0.8880856
-0.4419777
0.8234256

2.6394
-1.6162
-0.7381
1.3735

YMBN
t-1

-0.4261393

-3.9235

BALPAY
t-1
t-2

-0.0000004
-0.0000008

-1.3486
-1.8136

t-1
t-2
t-3

0.7170508
-3.642488
2.831788

0.6847
-2.1919
3.0170

MBFEDT
t-1

0.1282992

2.0802

DMB

DM1

MBY
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Table 2a-Continued.
Standard Error of Regression:

0.0140781

R-Sguared

:

0.763

Adjusted R-Squared

:

0.700

D-W Statistic

:

2.13

Q(l)

:

0.566

Q(4)

:

1.61

NOTE:
The variables are defined as: c = constant,
t = time trend, DMB = the growth rate of the market value
of debt, DM1 = the growth rate of the Ml money supply,
FEDR = the change in the U. S. Treasury composite interest
rate, 10+ years, YMBN = a scaled measure of the deviation
of real GNP from its trend, BALPAY = the balance on
current account, MBY = the debt-income ratio, and MBFEDT =
a scaled measure of real federal expenditure relative to
trend spending.

Table 3a . The Estimated Par Value of Debt Equation for
the Period 1957:2 to 1984:4 when the Three-Month Treasury
Bill Rate Denotes the Interest Rate.
Dependent Variable:
Explanatory
Variable

DPB^ = log(PBt/PBt _1)

Estimated
Coefficient

T-Statistic

0.0165315

0.8000

0.0002051

2.4511

t -1
t -2
t-3
t-4
t-5

0.2975018
-0.3520582
0.1587814
0.4600103
-0.1394647

3.1497
-3.9109
1.5983
4.8899
-1.3803

YPBN
t -1
t -2
t-3
t-4
t-5
t -6

-0.3634681
0.1140053
-0.1986884
0.2953257
-0.3815393
0.3808366

-3. 0805
0.7005
-1.2204
1.9180
-2.4281
3.2609

PBFEDT
t -1
t -2
t-3

0.1932592
-0.0286752
-0.1338972

2.6246
■0.3095
■1.8240

BALPAY
t-1
t -2
t^3
t-4

0.0000003
-0.0000004
-0.00000009
-0.0000008

1.3196
-1.2584
-0.3036
■2.5290

0.0088478

1.3394

DPB

UR
t -1

Standard Error of Regression

0.0101943

R-Squared

0.847

Adjusted R-Squared

0.813

D-W Statistic

2.07
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Table 3a-Continued.
Q (1)

:

0.161

Q(4)

:

0.817

NOTE:
The variables are defined as: C = constant,
t = time trend, DPB = the growth rate of the par value
of debt, YPBN = a scaled measure of the deviation of
real GNP from its trend, PBFEDT = a scaled measure of
real federal expenditure relative to trend spending,
BALPAY = the balance on current account, and UR = the
unemployment rate variable.
The estimation results for equation (4-4*) are
2
contained in Table 4. The adjusted R is approximately
.84.

The computed values of Q(l) and Q(4) are 0.109 and

1.74, respectively.

As before, the null hypothese of no

first-order and no fourth-order serial correlation were not
rejected.

Table 4 . The Estimated Par Value of Debt Equation for
the Period 1957:2 to 1984:4 when the U. S. Treasury
Composite Interest Rate, 10+ Years Denotes the Interest
Rate.
Dependent Variable:
Explanatory
Variable

DPBt = log(PBt/PBt-1)

Estimated
Coefficient

T-Statistic

0.0037852

0.1702

0.0001910

1.5204

t -1
t -2
t-3
t-4
t-5

0.2742374
-0.3116715
0.2001028
0.5659722
-0.0905792

2.8011
-3.4299
1.9586
5.8009
-0.8283

YPBN
t-1
t -2
t-3
t-4
t-5
t -6

-0.6177374
0.1576450
-0.0334449
0.4558014
-0.4359602
0.3583101

-3.9143
0.9812
-0.2075
2.9031
-2.8532
3.1185

PBFEDT
t-1
t -2
t-3

0.2435598
■0.0838622
■0.1685374

3.3671
-0.9458
-2.2149

BALPAY
t -1
t-2
t-3
t-4

0.0000001
0.0000002
-0 . 0 0 0 0 0 0 2
0.0000010

0.6511
-0.6596
-0.7669
■3.3351

t-1
t-2
t-3
t-4
t-5
t -6

-0.0024113
0.4064436
0.0395018
•0.3540969
0.0184079
■0.3920094

-0.0144
2.3601
0.2055
-1.9947
0.0961
■2.0492

t -1
t-2

-0.0251215
0.0291939

-1.1048
1.3519

DPB

-

■

DM1

UR

Table 4a-Continued.
Standard Error of Regression:

0.00956125

R-Squared

: 0.876

Adjusted R-Squared

: 0.835

D-W Statistic

: 2.06

Q (1)

: 0.109

Q (4)

: 1.74

NOTE:
The variables are defined as: C - constant,
t - time trend, DPB = the growth rate of the par value
of debt, YPBN = a scaled measure of the deviation of
real GNP from its trend, PBFEDT = a scaled measure of
real federal expenditure relative to trend spending,
BALPAY - the balance on current account, DM1 = the growth
rate of the Ml money supply, and UR = the unemployment
rate variable.
Specification of the Anticipated Money Equation
The money-growth equation is necessary for the com
pleteness of the equation system.

To be consistent,

the equation is specified using the same atheoretical
statistical technique and criteria that are employed to
specify the anticipated debt equation.
In addition to the variables of Barro's (1977)
equation for the growth rate of Ml stock of money— past
monetary growth, federal expenditure relative to normal,
and lagged unemployment— the growth rate of real GNP, the
three-month Treasury bill rate, the growth rate of public

68
debt and the balance on current account are considered
for inclusion in the equation.
Of Barro's variables considered for inclusion in the
model,

federal expenditure relative to normal is modified.

Rather, due to the inability to reproduce the "normal'1
variable, federal expenditure relative to trend is used.
The growth rate of real GNP is a potentially impor
tant variable.
however.

The direction of effect is uncertain,

If the Federal Reserve accommodates the increase

in money demand due to an increase in the growth rate of
real GNP, then the relationship may be positive.

If the

Federal Reserve behaves in a countercyclical fashion, the
relationship may be negative.

The three-month Treasury

bill rate is included to capture the smoothing response.
Assuming financial market stability is an important goal
of the Federal Reserve, the relationship between the
three-month Treasury bill rate and the growth rate of the
money supply is expected to be a positive one, since the
Federal Reserve increases money supply growth when
interest rates rise.

The growth rate of public debt is

included to capture the accommodation response of the
money supply,

i. e., the monetization of the debt.

The

relationship is expected to be a direct one, assuming
changes in the interest rate caused by changes in bond
issuance are undesirable.

The balance on current account

is included because the Federal Reserve may engage in con-

tractionary monetary policy when there are increases in
the deficit in the current account.
The specification of the anticipated money equation
proceeds in an analogous fashion to that of the anticipated
debt equation.

Appendix B, Tables 16 and 17, contain the

information on the specification of the money equations.
There are two money equations:

one which includes the

market value of debt and one which includes the par value
of debt.

The basic form of the money equation which

includes the market value of debt is:

DM1 _ , = bn + b.t +

9
2 b_ .DM1x. . +

8
2 b-.TB3MOI.

.+

3
12
jf1bU DRt-j + jf 1b5jBALPA''t.j + b 61Dt!Bt_1 +
b71FEDVTEt.1 + bslDYt _1

(4-5)

where
DMl^. = log(Ml^./Ml^._1) is the growth rate of the
Ml money supply,
TB3M0Ij_ = the three-month Treasury bill rate,
UR^. = log[U/(l-U)] where U is the unemployment
rate in the total labor force,
BALPAY^ = the balance on current account,
FEDVTRt = log<FEDt/FEDTRDt ) is federal expendi
ture relative to trend where FEDt is
real federal expenditure and FEDTRD^. is
the trend value of federal expenditure,

DMB^. = log ( M B ^ / M B ^ ^ ) is the growth rate of the
market value of public debt, and
DYt = log(Yt/Yt-1) is the growth rate of real GNP.
The basic form of the money equation which includes
the par value of debt is:
9

8

DM12t “ b0 + b lfc + jf1b 2jDM1t-j + j£1b3jTB3M°It-j +
3

12
+ b 51DPBt-l + jB1b 6jBALPAVt-j +

b71FEDVTRt_ 1 + b81DYt .1

(4-6)

where the only variable not defined is:
DPBt = log(PBt/PBt _1) is the growth rate of the par
value of public debt.
After performing F-tests on equations (4-5) and (4-6),
the equations for the growth rate of the money supply are
specified.

The equations are:
9

■ K i t = b 0 + blt +

T b 2 i m i t _.

+

8
£ ib 3jTB3MOIt _j +

12
E^b^BALPAY^..

DM12t = b0 + b lb +

Ib2jDM1t-j +

11

(4-5')

.£ b3jTB3M01t-j +
11

12
b51DPBt-l + .S b 6jBALPAYt-j

(4-6')

Both of the money equations differ from B a r r o ’s
equation.

Neither equation includes the federal spend-

ing variable or the growth rate of real GNP as Barro's
does.

Both include a short-term interest rate and the

balance on current account, which Barro's does not
include.

They differ from each other only in that

equation (4-6') includes the growth rate of the par value
of public debt and
growth

equation (4-5')does not include

rate of the market

value of

the

public debt.

Inother

words, the growth rate of the money supply is a function
of the

growth rate of the

maturity

value of

of the

growth rate of the

present value.

debt, but not

Estimation of the Anticipated Money Equations
Ordinary least squares was used to estimate the money
equations.

The estimated equations are presented in

Tables 5 and 6 .

Table 5 contains the estimation results

for equation (4-51).

The adjusted R 2 .is ,67.

The

calculated values of Q(l) and Q(4) are 0.0141 and 0.624,
respectively.

Thus, the null hypotheses of no first-order

and no fourth-order serial correlation can not be rejected
at the 10 percent level of significance.
Due to the number of lags, interpretation of the
individual coefficients is very difficult, as is the case
for equation (4-6r).
The estimation results for equation <4—6■) are
contained m
.70.

Table 6 .

The adjusted R

2

is approximately

The calculated values for Q(l) and Q(4) are, respec

tively, 0.170 and 0.356.

Again, the null hypotheses of no

Table 5 . The Estimated Growth Rate of Money Equation
for the Period 1957:2 to 1984:4 when the Debt Is Measured
at Market Value.
Dependent Variable:
Explanatory
Variable

DMlt = log(Mlt/Mlt_ 1) .

Estimated
Coefficient

C

-0.0010055

t

0.0001602

T-Statistic
-0.5571
2.4655

DM1
t -1
t-2
t-3
t-4
t-5
t-6
t-7
t—8
t-9

0.4508315
-0.0380141
0.0884928
-0.2877244
0.2446565
-0.0920972
0.2363741
-0.4303589
0.3058983

4.3413
-0.3405
0.7727
-2.5021
1.9432
-0.7433
1.9243
-3.3575
3.2313

TB3M0I
t-1
t-2
t-3
t-4
t-5
t -6
t-7
t -8

-0.3721976
0.3881433
0.0170953
-0.4130438
0.5109978
-0.3618591
0.3198351
-0.1774445

-4.1798
2.6269
0.1037
-2.3380
2.7896
-2.1287
2.0639
-1.7031

BALPAY
t-1
t -2
t-3
t-4
t-5
t-6
t-7
t-8
t-9
t-10
t-11
t-12

0.0000002
0.0000002
-0.0000004
0.00000005
-0.0000003
0.0000003
0.0000004
-0.0000002
0.0000002
-0.0000007
0.0000010
-0.0000004

1.1352
1.0081
-2.2762
0.2917
-1.2857
1.0867
1.4524
-0.7580
0.6656
-2.1783
2.8277
-1.2482
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Table 5 -Continued.
Standard Error of Regression

. 0.00484524

R-Squared

0.763

Adjusted R-Squared

0.674

D-W Statistic

2.02

Q(l>

0.0141

Q(4)

0.624

NOTE: The variables are defined as: C = constant,
t = time trend, DM1 = the growth rate of the Ml money
supply, TB3MOI = the three-month Treasury bill rate, and
BALPAY = the balance on current account.

Table 6 . The Estimated Growth Rate of Money Equation
for the Period 1957:2 to 1984:4 when the Debt Is Measured
at Par Value.
Dependent Variable:
Explanatory
Variable

DMlt = logtMlj./Ml^.^) .

Estimated
Coefficient

T-Statistic

C

-0.0025807

-1.4032

t

0.0002319

3.3985

0.4917338
-0.0869080
0.0304207
-0.3181432
0.2395062
-0.1263371
0.2183715
-0.5070109
0.2929854

4.6884
-0.7956
0.2702
-2.8537
1.9724
-1.0512
1.8405
-3.9939
3.2048

-0.3677778
0.4044749
-0.0350860
-0.4614935
0.5802826
-0.3580856
0.3090398
-0.1538683

-4.2822
2.8361
-0.2190
-2.6935
3.2497
-2.1843
2.0673
-1.5255

-0.0853990

-2.6512

0.0000002
0.0000002
-0.0000005
0.0000001
-0.0000004
0.0000002
0.0000004
-0.0000002
0.0000001
-0.0000006
0.0000010
-0.0000005

1.6126
0.9545
-2.8283
0.6215
-1.5915
0.9724
1.5084
-0.7934
0.4388
-2.0026
3.0730
-1.5228

DM1
t-1
t-2
t-3
t-4
t-5
t-6
t-7
t-8
t-9
TB3M0I
t-1
t-2
t-3
t-4
t-5
t-6
t-7
t -8
DPB
t-1
BALPAY
t-1
t-2
t-3
t-4
t-5
t -6
t-7
t -8
t-9
t -10
t-11
t-12
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Table 6a-Continued.
Standard Error of Regression:

0.00467239

R-Squared

: 0.782

Adjusted R-Squared

: 0.697

D-W Statistic

: 2.07

Q(l)

: 0.170

Q (4)

: 0.356

NOTE:
The variables are defined as:
C = constant,
t = time trend, DM1 = the growth rate of the Ml money
supply, TB3M0I = the three-month Treasury bill rate,
DPB = the growth rate of the par value of debt, and
BALPAY = the balance on current account.
first-order and no fourth-order serial correlation are not
rej ected.
In the next chapter, the anticipated output equation
will be specified.

Barro's two-step procedure will be

used to specify the anticipated and unanticipated com
ponents of debt and money and the output equation will be
estimated using ordinary least squares.

Lastly, the

rational expectations hypothesis and the structural neu
trality assumption will be tested jointly for public debt.

CHAPTER 5
The Model
To be able to test the effects of anticipated and
unanticipated debt on real GNP, several output equations
are specified.

To be consistent, each equation is speci

fied using the final prediction error (FPE) and specific
gravity (SG) criteria that were employed in Chapter 4 in
specifying both the debt and money equations.

Barro's

(1980, p. 757) equation for real GNP is used as the
starting point in the specification.
Specification of the Output Equation
Barro's equation for real GNP, as presented in
Chapter 3, i s :
log(Yt ) = C Q + c.^ + C2DMRt + c3DMRt_1 +
C4log(Gt ) + csDBRt_1 + u3t

(3-3)

where
Yfc = real GNP in 1972 dollars,
t = time trend,
DMRt = the residuals from the money growth rate
equation,
G^ = real federal purchases in 1972 dollars,
DBR^__^ = the lagged residuals from the public debt
growth rate equation where the coefficient
on the anticipated inflation rate is
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assumed to be equal to 1, and
u3t = a stochastic error term.
Including time as an explanatory variable in the
output equation and expressing the equation in log fora
(in other words, using the trend specification for
output) as Barro did, has been questioned recently by
Nelson and Plosser (1982).

According to Nelson and

Plosser, real output follows a random walk which is the
simplest difference-stationary process and should,
therefore, be expressed in first-difference form.
However, in empirical work, it has been assumed primarily
that the secular component of output is deterministic in
nature.
The appropriate formulation of the output equation
is determined by whether the non-stationary secular
component of output is deterministic or stochastic in
nature.

1

If the secular component is deterministic in

nature, the non-stationarity in the time series should be
represented by a trend-stationary process.

On the other

hand, if the secular component is stochastic in nature,
the non-stationarity in the time series should be
represented by a difference-stationary process.
Use of the trend specification assumes a time series
has a tendency to return to a trend line or initial state
1
Output may be decomposed into a stationary cyclical
component and a non-stationary secular component.
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and removes, a priori. some of the variation in the
series.

All variation in output changes, in deterministic

models, is attributed to the cyclical component since the
secular component is assumed to be stable over short periods
of time.

In stochastic models, variation in output changes

is attributed to both the cyclical component and the
stochastic component.
Models based on time trend residuals, when the
secular component of the time series is actually stochastic
m

nature, are misspecified.
To determine if the output equation should be formu

lated using the trend specification or the firstdifference specification, the Dickey-Fuller test is
employed.

3

In the Dickey-Fuller procedure, the difference-

stationary hypothesis is tested against the trendstationary hypothesis after the two hypotheses have been
included in the same model.

The null hypothesis is the

difference-stationary specification and the alternative
hypothesis is the trend-stationary specification.
To conduct the Dickey-Fuller test, the following
regression is estimated for n = l, 4, and 8 using OLS:

2
Detrending times series by regressing on time and
then defining the residuals of the regression as the
cyclical component is equivalent to including time as an
explanatory variable in the regression.
3
For a discussion of the use of the Dickey-Fuller
procedure, see Charles R. Nelson and Charles I. Plosser,
"Trends and Random Walks in Macroeconomic Time Series",
Journal of Monetary Economics. 10 (September 1982):
139-162.

log(Yt ) = aQ + otxt + a 2log(Yt _1) +

iEia3i[Alog(Yt_i)] + ut
where
n = the maximum lag and
p^_ = a stochastic error term.
The results of these regressions that are pertinent to
the Dickey-Fuller test are found in Table 7.
Table 7a . Results of Ordinary Least Squares Estimations
Used to Conduct Dickey-Fuller Tests.
Maximum
Laa

Number of
Observations

a

2

t (a )
2

1

94

0.95

-1.85

4

91

0.93

-2.27

8

87

0.95

-1.38

Note:
The variables are d 2 = the coefficient of
log(Y. _) and t(a2) = the ratio of a_ - 1 to the
standard error of a2 *
The null hypothesis is a2 = 1 an<* the alternative
hypothesis is a2 < 1*

Since the conventional t-ratios

are not t-distributed under this hypothesis, Fuller
tabulated the distribution of the t-ratio for this sit
uation.4

For a sample size of 100, the critical value of

For the tabulation of the distribution of the tratio for a ? , see Wayne A. Fuller, Introduction to
Statistical Times Series. New York: John Wiley and Sons,
1976.
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"Fuller-tu is -3.45 at the 5 percent level of signifi
cance.

As can be seen from Table 7, the calculated

values of "Fuller-t", t(a2 ), are -1.85 for lag 1, -2.27
for lag 4, and -1.38 for lag 8.

Thus, the null hypothesis

cannot be rejected for any of the three regression
equations for output.

Since the null hypothesis cannot be

rejected, the evidence is not consistent with the trend
specification for output that was used by Barro and this
formulation for output is considered inappropriate.

Thus,

output is specified in first-difference form in this study.
In addition to Barro's variables, current and lagged
values of anticipated debt and money are also considered
for inclusion in our output equations.

These variables

must be included in order to test the hypotheses that
anticipated debt growth and money growth influence real
output.5
Four output equations are specified, each using the
final prediction error (FPE) and specific gravity (SG)
criteria.

Each output equation contains both debt and

money variables, which are obtained from the debt and
money growth rate equations specified in Chapter 4.

The

money equation that was specified when debt was measured
5
With the exception of the current value of antici
pated debt, Barro tested to see if these variables should
be included in his output equation but found the coef
ficients of these variables were not significantly
different from zero.
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at market value is used with each of the market value of
debt equations to specify two output equations.

The money

equation that was specified when debt was measured at par
value is used with each of the par value of debt equations
to specify two output equations.
Appendix B, Tables 18 through 21, contain the infor
mation on the specification of the four output equations.
The equations are specified and estimated over the 1960:2
to 1984:4 period.
The basic forms of the output equations for the
first-difference functional form are:
1
DYlt = c 0 + .f0CljDGt-j + <=20DMB1HATt + C30DMB1Rt +
12
4
Z C .DM11HAT.
.+
Z C .DM11R
j=0 43
^ 3
j=0 ^
Z

.
3

(5-1)

1
DY2t = C 0 + j£ 0C ljDGt-j + ^20DMB2HATt + C30DMB2Ht +
12
Z c .DM11HAT*
j=0 J

4
. + Z C-.DM11R. .
-* j=0
3 -1

(5-2)

DY3t " C 0 + °10DGt + c 2Q DPBlHATt + c 30DPB!Rt +
12
Z c *-DM12HAT.
j=0
“

4
.+ 2 C K .DM12R. .
j=0
1 1

(5-3)

g

The time period for the output equations begins the
second quarter of 1960 instead of the second quarter of
1957, as the period for the debt and money equations
does, because:
(l) to be consistent, it is assumed a
priori that the highest order lag in the output equations
is 12; and (2) the debt and money equations are used in
the specification of the output equations.

DY4t = C0 + °10DGt + <=20DPB2HATt + C30DPB2Rt +

12
2 c .n DM12HAT.
j-0 40

+

4
Z c K .DM12R.. .
j=0
t_:j

(5-4)

where
DY^. =

9row^

ra^e of real GNP

in 1972 dollars,
DGt = l°g(G^./Gt_i)

the growth rate of real

federal purchases in 1972 dollars,
DMBlHATt = the predicted value of equation (4-11),
the growth rate of debt equation where
debt is measured at market value and the
interest rate is the three-month Treasury
bill rate
DMBlRj. = the residual of equation (4—X *) , the
growth rate of debt equation where debt is
measured at market value and the interest
rate is the three-month Treasury bill rate
DMB2HATt = the predicted value of equation (4-2'),
the growth rate of debt equation where
debt is measured at market value and the
interest rate is the U. S. Treasury
composite interest rate, 10+ years,
DMB2R.J. = the residual of equation (4-2'), the
growth rate of debt equation where debt is
measured at market value and the interest
rate is the U. S. Treasury composite

interest rate, 10+ years,

DPB1HAT.

= the predicted value of equation (4-3'),
the growth rate of debt equation where
debt is measured at par value and the
interest rate is the three-month Treasury
bill rate,

DPBlRt

the residual of equation (4-3'), the
growth rate of debt equation where debt is
measured at par value and the interest rate
is the three-month Treasury bill rate,

DPB2HAT.

= the predicted value of equation (4—4 1),
the growth rate of debt equation where
debt is measured at par value and the
interest rate is the U. S. Treasury
composite interest rate, 10+ years,

DPB2Rt = the residual of equation (4-4*), the
growth rate of debt equation where debt is
measured at par value and the interest rate
is the U. S. Treasury composite interest
rate, 10+ years,
DMllHATt = the predicted value of equation (4-51),
the money growth rate equation where debt
is measured at market value,
DMllRt = the residual of equation (4-S'), the
money growth rate equation where debt is
measured at market value,

DM12HAT.J. = the predicted value of equation (4-6*),
the money growth rate equation where debt
is measured at par value, and
DM12Rt = the residual of equation (4-6'), the money
growth rate equation where debt is measured
at par value.
Due to the large number of lags on the anticipated
and unanticipated money variables in the above equations,
these variables were specified as polynominal distributed
lags to reduce the number of coefficients that had to be
estimated.

7

No end-point constraints were used.

8

The

FPE and SG criteria used also to specify the output
equations were used to specify the degree of the poly
nomials .
7

For a discussion of this procedure, see J. Phillip
Cooper, "Two Approaches to Polynomial Distributed Lags
Estimation:
An Expository Note and Comment," The
American Statistician. 26 (June 1972), pp. 32-35.
O
For a discussion of the use of end-point
constraints, see Peter Schmidt and Roger N. Waud, "The
Almon Lag Technique and the Monetary Versus Fiscal Policy
Debate", Journal of the American Statistical Association.
68 (March 1973), pp. 11-19 and Dallas S. Batten and
Daniel L. Thornton, "Polynomial Distributed Lags and the
Estimation of the St. Louis Equation", Federal Reserve
Bank of St. Louis Review. 65 (April 1983), pp. 13-25.
Schmidt and Waud and Batten and Thornton indicate that
end-point constraints represent a set of ad hoc restric
tions that increase the efficiency of estimation but have
no basis in either economic theory or econometric theory
and should not be used routinely.
Moreover, end-point
constraints may force a lag when, in actuality, there is
none.
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In the equations, the anticipated money variable is
specified as a fourth-degree polynominal and the unantici
pated money variable is specified as a first-degree poly
nominal .
Estimation of the Output Equations
The output eguations are estimated over the 1960:2
to 1984:4 period, using ordinary least squares.

Due to

the presence of serial correlation in the equations, they
are re-estimated, correcting for the serial correlation.
The presence of serial correlation results in inefficient,
although unbiased, ordinary least squares coefficient
estimates.

To correct for the first-order serial
g

correlation, a maximum likelihood procedure is used.
The estimation results are found in Tables 8 through 10.
The estimation results for equation (5-1), after the
correction for first-order serial correlation and the
performance of F-tests, are presented in Table 8.10
adjusted R 2 is .543.

The

The D-W statistic is 2.01, Q(l)

0.0458 and Q(4) is 0.623.

is

The D-W statistic indicates

that the null hypothesis of no serial correlation is not
g

For a discussion of this method, see Charles M.
Beach and James G. MacKinnon, "A Maximum Likelihood
Procedure for Regression with Autocorrelated Errors,"
Econometrica f 46 (January 1978), pp. 51-58.
10

The results of all F-tests performed are found i n
Appendix B. In the case of equation (5-1), the results of
the F-tests on the coefficients of the variables indicate,
just as the results of the t-tests do, that none of the
variables should be deleted from the equation.

86
rejected at the 5 percent level of significance.

The

Q-statistics indicate that the null hypotheses of no
first-order and no fourth-order serial correlation are not
rejected at the 1 percent level of significance.
The coefficients on real federal purchases are
statistically significant at the 1 percent level.

The

coefficient in the first quarter is positive and the
coefficient in the second quarter is negative.

These

coefficients indicate that a 1 percentage point increase
in (growth rate) real federal purchases will cause an
increase of 0.115 percentage points in (growth rate)
output in the first quarter and a 0.0941 percentage point
n
decrease in the second quarter.
The coefficient on both the anticipated and unantici
pated debt variables is negative and statistically signi
ficant at the 5 percent level.

In both cases, this is not

the sign that is expected from conventional macroeconomic
theory; and, this point will be discussed later in this
chapter.

The negative sign indicates that a 1 percentage

point increase in anticipated debt will cause a 0.0974
percent point decrease in real output and a 1 percentage
point increase in unanticipated debt will cause a 0.1525
percentage point decrease in real output.
11
Since it is understood that growth rates are being
considered, the term "growth rate" will be omitted here
after.

Table 8 . Ordinary Least Squares Estimation of Real
Output for the Period 1960:2 to 1984:4 with Serial
Correlation Correction: Equation (5-1)
Explanatory
Variable

Estimated
Coefficient

T-Statistic

0.0061

2.9157

t
t-1

0.1150
-0.0941

3.1833
-2.5722

DMB1HAT
t

-0.0974

-2.3416

DMB1R
t

-0.1525

-2.4407

0.2259
0.5075
0.5141
0.3648
0.1546
-0.0462
-0.1915
-0.2593
-0.2523
-0.1975
-0.1460
-0.1735
-0.3800

1.6960
8.0056
7.0048
5.9186
3.2737
-0.9115
-3.3922
-4.9459
-5.0339
-3.0558
-1.8895
-2.5087
-2.8787

0.1206

0.6785

0.4837
0.1677
-0.1483
-0.4643
-0.7803

3.1552
1.6001
-1.7597
-4.2622
-4.9085

-0.7416

-1.7597

DG

DM11HAT
t
t-1
t-2
t-3
t-4
t-5
t-6
t-7
t-8
t-9
t-10
t-11
t—12
Sum of Lag
Coefficients
DM11R
t
t-1
t-2
t-3
t-4
Sum of Lag
Coefficients

Standard Error of Regression:

0.00802809

R-Squared

:

0.594

Adjusted R-Squared

:

0.543
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Table 8a-Continued.
Final Value of Rho

: -0.254

T-Statistic for Rho

: -2.435

D-W Statistic

: 2.01

Q (1)

: 0.0458

Q (4)

: 0.623

NOTE:
The variables are defined as:
c = constant,
G = real federal purchases in 1972 dollars, DM11HAT = the
predicted value of equation (4-5'), the money growth rate
equation where debt is measured at market value, DM12R =
the residual of equation (4-5'), DMB1HAT = the predicted
value of equation (4—1 1), the growth rate of debt equation
where debt is measured at market value and the interest
rate is the three-month Treasury bill rate, and DMB1R =
the residual of equation (4-11).
The coefficients on the anticipated money variable
are positive for the first five quarters and negative for
the last eight quarters.

These coefficients are statis

tically significant at the 10 percent level for the first
(current) and eleventh (t-10) quarters; at the 1 percent
level for the second (t-1) through the fifth (t-4)
quarters, the seventh (t-6) through the tenth (t-9)
quarters and the thirteenth (t-12) quarter; and at the
5 percent level for the twelfth (t-11) quarter.

In the

first five quarters, the anticipated money variable has an
expansionary impact on real output and in the last seven
quarters it has a contractionary impact on real output.
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The sum of the coefficients for DM11HAT is positive but
not statistically significant.

Thus, anticipated money

growth has no long run impact on output.
The coefficients on the unanticipated money variable,
DM11R, are positive for the first two quarters and negative
for the last three.

These coefficients are statistically

significant at the 1 percent level for the first, fourth,
and fifth quarters and at the 10 percent level for the
third quarter.

The unanticipated money growth variable

has an expansionary impact on real output in the first
quarter and a contractionary impact on real output in the
last three quarters.

The sum of the coefficients for DM11R

is negative and not statistically significant at the 5
percent level.

This indicates that the unanticipated money

growth variable does not have a long lasting impact on
output.12
The results of the estimation of equation (5-2),
after being corrected for first-order serial correlation
and the performance of F-tests, are presented in Table 9.
The adjusted R 2 is .544.
is 0.0407 and Q(4)

The D-W statistic is 2.01, Q(l)

is 0.532.

The D-W statistic indicates

12

The sum of the coefficients for DM11R is signifi
cant at the 10 percent level.
13

The results of F-tests on the coefficients of the
variables in equation (5-2) indicate, just as the results
of the t-tests do, that none of the variables should be
deleted from the equation.

13

Table 9 . Ordinary Least Squares Estimation of Real
Output for the Period 1960:2 to 1984:4 with Serial
Correlation Correction:
Equation (5-2)
Explanatory
Variable

Estimated
Coefficient

T-Statistic

0.0062

2.9518

t
t-1

0.1148
-0.0939

3.1922
-2.5796

DMB2HAT
t

-0.0873

-2.0910

DMB2R
t

-0.1780

-2.7232

0.2272
0.5014
0.5071
0.3607
0.1545
-0.0425
-0.1855
-0.2534
-0.2488
-0.1980
-0.1514
-0.1830
-0.3905

1.7098
7.8668
6.8707
5.8352
3.2752
-0.8354
-3.2648
-4.7948
-4.9556
-3.0756
-1.9612
-2.6231
-2.9506

0.0980

0.5496

0.4955
0.1804
-0.1348
-0.4499
-0.7651

3.2341
1.7128
-1.5774
-4.0886
-4.7896

-0.6739

-1.5774

DG

DM11HAT
t
t-1
t-2
t-3
t-4
t-5
t-6
t-7
t-8
t-9
t-10
t-11
t —12
Sum of Lag
Coefficients
DM11R
t
t-1
t-2
t-3
t-4
Sum of Lag
Coefficients

Standard Error of Regression:

0.00799282

R-Squared

:

0.595

Adjusted R-Squared

:

0.544
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Table 9a-Continued.
Final Value of Rho

-0.246

T-Statistic for Rho

-2.357

D-W Statistic

2.01

QCD

0.0407

Q(4)

0.532

NOTE:
aThe variables are defined as:
C - constant,
G = real federal purchases in 1972 dollars, DM11HAT = the
predicted value of equation (4-51), the money growth rate
equation where debt is measured at market value, DM12R =
the residual of equation (4-5*), DMB2HAT = the predicted
value of equation (4-21), the growth rate of debt equation
where debt is measured at market value and the interest
rate is the U. S. Treasury composite interest rate, 10+
years, and DMB1R = the residual of equation (4-1').
that the null hypothesis of no serial correlation is not
rejected at the 5 percent level of significance.

The

Q-statistics indicate that the null hypotheses of no
first-order and no fourth-order serial correlation are not
rejected at the 1 percent level of significance.
The coefficients on real federal purchases are
positive in the first quarter and negative in the last.
These coefficients are statistically significant at the
1 percent level.

Thus, real federal purchases have an

expansionary impact on real output in the first quarter
and a contractionary impact in the second quarter.

A 1

percentage point increase in real federal purchases causes
a 0.1148 percentage point increase in real output in the
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first quarter and a 0.0939 percentage point decrease in the
second quarter.
The coefficient on both the anticipated and unantici
pated debt variables is negative.

The coefficient on

DMB2HAT is statistically significant at the 5 percent level
and the coefficient on DMB2R is statistically significant
at the 1 percent level.

Again, the sign on these coef

ficients indicates that both of the debt variables have a
contractionary impact on real output.

A 1 percentage

point increase in anticipated debt will cause a 0.0873
percentage point decrease in real output and a 1 percen
tage point increase in unanticipated debt will cause a
0.1780 percentage point decrease in real output.
The coefficients on the anticipated money variable
are positive for the first five quarters and negative for
the last eight.

These coefficients are statistically

significant at the 10 percent level for the first quarter;
at the 1 percent level for the second through the fifth
quarters, the seventh through the tenth quarters and the
twelfth and thirteenth quarters; and at the 5 percent level
for the eleventh quarter.

As in equation (5-1), the

anticipated money variable has an expansionary impact on
real output for the first five quarters and a contrac
tionary impact for the last seven.

The sum of the coef

ficients for DM11HAT is positive but not significant.
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Thus, anticipated money growth has no long-run impact on
real output.
The coefficients on the unanticipated money variable
are positive for the first two quarters and negative for
the last three.

These coefficients are statistically

significant at the 1 percent level for the first, fourth,
and fifth quarters and at the 10 perent level for the
second quarter.

Thus, DM11R has an expansionary impact on

real output in the first two quarters and a contractionary
impact in the last two.

The sum of the coefficients for

DM11R is negative and not statistically significant which
indicates that unanticipated money growth has no long-run
impact on real output.
The results of the estimation of equation (5-3),
after the correction for first-order serial correlation
and the deletion of variables as determined by F-tests,
are presented in Table 10.14

The adjusted R 2 is .480.

The D-W statistic is 1.99, Q(l)
0.670.

is 0.00109 and Q(4) is

The D-W statistic indicates that the null hypo

thesis of no serial correlation is not rejected at the 5
percent level of significance.

The Q-statistics indicate

that the null hypotheses of no first-order and no fourth14The results of F-tests on the coefficients of the
variables in equation (5-3) indicate, just as the results
of the t-tests do, that DPB1HAT and DPB1R should be
deleted from the equation.
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order serial correlation are not rejected at the 1 percent
level of significance.
The coefficients on real federal purchases are
positive for the first quarter, negative for the second,
and statistically significant at the 1 percent level.
Therefore, real federal purchases have an expansionary
impact on real output in the first quarter and a contrac
tionary impact in the second quarter.

A 1 percentage

point increase in real federal purchases will cause a
0.1031 percentage point increase in real output in the
first quarter and a 0.1253 percentage point decrease
in the second.
The coefficients on the anticipated money variable
are positive for the first five quarters and negative for
the last eight.

These coefficients are statistically

signifiant at the 1 percent level for the second through
the fifth quarters, the seventh through the tenth
quarters,

and the twelfth and thirteenth quarters and at

the 5 percent level for the eleventh quarter.

Thus, the

anticipated money variable has an expansionary impact on
real output in the second through the fifth quarters and
a contractionary impact in the last seven quarters.

The

sum of the coefficients for DM12HAT is negative and not
statistically significant.

Thus, anticipated money growth

has no long-run impact on real output.

Table 10 . Ordinary Least Squares Estimation of Real
output for the Period 1960:2 to 1984:4 with Serial
Correlation Correction: Equations (5-3) and (5-4)
Explanatory
Variable

Estimated
Coefficient

T-Statistic

0.0082

3.7061

t
t-1

0.1031
-0.1253

2.7324
-3.3207

DM12HAT
t
t-1
t-2
t-3
t-4
t-5
t-6
t-7
t-8
t-9
t-10
t-11
t-12
Sum of Lag
Coefficients

0.1617
0.4225
0.4387
0.3154
0.1359
-0.0377
-0.1651
-0.2276
-0.2278
-0.1902
-0.1605
-0.2061
-0.4160

1.1772
6.7444
5.9734
5.0454
2.7941
-0.7161
-2.8147
-4.1400
-4.3435
-2.8848
-2.0691
-3.0012
-3.0832

-0.1567

-0.9890

DM12R
t
t-1
t-2
t-3
t-4
Sum of Lag
Coefficients

0.6050
0.2815
-0.0420
-0.3656
-0.6891

3.5749
2.4940
-0.4795
-3.1492
-3.9711

0.2102

-0.4795

DG

-

Standard Error of Regression

0.00835754

R-Squared

0.527

Adjusted R-Squared

0.480

Final Value of Rho

-0.193

T-Statistic for Rho

-1.859
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Table 10a-Continued.
D-W Statistic

1.99

Q(D

0.00109

Q(4)

0.670

NOTE:
aThe variables are defined as: C = constant,
G = real federal purchases in 1972 dollars, DM12HAT = the
predicted value of equation (4-6'), the money growth rate
equation where debt is measured at par value, and DM12R =
the residual of equation (4-61).
The coefficients on the unanticipated money variable
are positive for the first two quarters and negative for
the last three.

These coefficients are statistically

significant at the 1 percent level for the first, fourth,
and fifth quarters and at the 5 percent level for the
second quarter.

Thus, the unanticipated money variable

has an expansionary impact on real output in the first
two quarters and a contractionary impact in the last two
quarters.

The sum of the coefficients for DM11R is

negative and not statistically significant which indicates
that unanticipated money growth has no long-run impact on
real output.
The results of the estimation of equation (5-4),
after the correction for first-order serial correlation
and the deletion of variables as dictated by F-tests, are
the same as those for equation (5-3), since the debt
variables in both equations are deleted and the money

variables in both equations are identical.

Thus, the

results of the estimation of equation (5-4) are presented
in Table 10.
In summary, first with respect to debt, it has been
shown that the level of real output is determined by both
anticipated and unanticipated debt when debt is measured
at market value, regardless of whether the interest rate
is short-term or long-term.

When debt is measured at par

value and the interest rate is either a short-term rate or
a long-term rate, the level of real output is not deter
mined by either anticipated or unanticipated debt.

Again,

the results of the impact of anticipated and unanticipated
debt on the level of real output has been found to be
inconclusive.

However, these findings do not necessarily

concur with those of other studies.
As indicated in Chapter 4, Barro (1980) found that
the definition of debt did not matter.

Using market

values of debt did not significantly affect the results he
had obtained when using par values of debt.

In this

study, using market values of debt did significantly
affect the results that were obtained.

As one would

expect, the market values of debt, not the par values,
matter, since market values of debt are more closely
related to wealth and consumption decisions than are par
values.
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Moreover, when anticipated and unanticipated debt
have an impact on the level of real output, it is the
opposite of the expansionary impact expected from con
ventional macroeconomic theory.

According to conven

tional theory, government bonds are perceived as net
wealth by the private sector.

Thus, an increase in

government debt (anticipated and unanticipated) causes
an increase in perceived household wealth which causes
an increase in consumption which,

in turn, causes an

increase in aggregate demand in the short run.
These results also differ from those of Barro.

Even

though Barro (1980) assumes that government bonds do not
constitute net wealth, he finds that unanticipated debt
has a positive effect on output.
Two possible explanations for the negative sign on
the coefficients of the debt variables are as follow.
The first explanation is suggested by Barro (1974),
Kormendi (1983), and Evans (1985) who indicate that public
debt may have a negative wealth effect.

This occurs when

individuals are uncertain about the pattern and timing of
the future tax liabilities required to service the debt
and save more than the present value of the government1s
interest payments on this debt.

Thus, an increase in

public debt leads to a decrease in wealth, interest rates,
consumption expenditures, and output.
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The second explanation takes into consideration the
growing portion of the public debt that is foreign held.
As foreigners acquire a larger and larger percentage of
the public debt, the discounted value of u. s. government
bonds held domestically becomes less than the discounted
value of the tax liabilities associated with the debt.
This leads to a decrease in wealth which,

in turn, leads

to a decrease in interest rates, consumption expenditures,
and output.
Although the rational expectations models with sticky
prices predict a positive effect of debt, the results of
this study, with respect to debt, are otherwise consistent
with the results of these models which indicate that both
anticipated and unanticipated debt matter.

On the other

hand, these results are not consistent with those of
rational expectations models with market clearing which
indicate that only unanticipated debt matters.
In this study, both of the money variables have an
expansionary and then a contractionary impact on real
output, as is expected.

Also, these variables do not have

a long-run impact on real output, just a short-run impact.
Barro (1981) found that only the unanticipated money
variable had an impact on real output and that this impact
was short lived.

His unanticipated money variable had only

an expansionary impact on output.

Lastly, this study indicated that real federal
purchases matter, just as the Barro studies did.

As is

apparent, real federal purchases is the only variable
included in the models that is not decomposed into its
anticipated and unanticipated components.

Barro chose

not to make this decomposition because he was more
interested in the effects on output and the unemployment
rate of shifts in public debt and money than of real
federal purchases.

This study was patterned after

Barro's.
The next, and final, chapter contains the summary
and conclusions of this study.

CHAPTER 6
Summary and Conclusions
There has been growing concern about the possible
effects of deficit finance.

The conventional argument is

that bond financed deficits lead to an increase in real
output.

Barro contends that anticipated bond financed

deficits do not increase net wealth and, thus, cannot
lead to any sizeable change in aggregate output; but,
unanticipated bond financed deficits have a positive
effect on aggregate output.

Moreover, he contends that

systematic monetary actions have no impact on real output
and unanticipated monetary actions have only short-run
effects.

If these contentions are true, traditional

macroeconomic policies are useless.

Unfortunately, both

theoretical and empirical evidence on the effectiveness
of systematic policy is mixed.
In this study, Barro's (1980 and 1977) equations for
debt growth and money growth are used as a base in
specifying debt and money growth equations using an
atheoretical statistical technique similar to the one
outlined in Mishkin {1982 a and b ) .

The appropriate lag

length for each explanatory variable is determined using
the Granger-causality definition in conjunction with
Akiake's FPE criterion.

The specific gravity criterion of

Caines, Keng, and Sethi (1981) is used to determine the

101

102
order in which variables are entered in the equations.
Considering debt measured at par and market values and a
short-term and a long-term interest rate, four debt
equations and two money equations were specified.

There

are four debt equations because one is specified for each
type of debt measure in conjunction with each type of
interest rate.

There are two money equations because one

is specified for each type of debt measure.
To test the rational expectations hypothesis and the
structural neutrality assumption, which are embedded in
Barro's model, output equations had to be specified.

For

consistency, the equations were specified using the final
prediction error (FPE) and specific gravity (SG) criteria
which were used to specify the debt and money equations
and Barro's (1980) equation for real GNP was used as the
starting point in the specification.
For each debt equation, an output equation had to be
specified.

Thus, four output equations were specified.

As a result of Dickey-Fuller tests, these equations were
specified in the first-difference form used by McElhattan
(1982) and Makin (1981), instead of the log functional
form used by Barro.

These tests indicated that the

secular component of output is a difference-stationary
process.

Also, all of the output equations in this study

differ from the Barro equation in that they all include
anticipated money growth.

Using the first-difference form of the output
equation,

it was found that:

(1)

the definition of debt

(i.e., par value or market value) matters;

(2)

when debt

is measured at market value, both anticipated and
unanticipated debt matter;
rate

(3)

the choice of the interest

(i.e., short-term or long-term)

of the debt variable does not matter;

in the specification
(4)

money growth,

anticipated and unanticipated, has short-term but not
long-term effects; and (5) real federal purchases matter.
Some of these results differ from those of Barro.
Specifically, Barro found that the definition of debt does
not matter and that only unanticipated debt and money
matter.
In comparing these results with those of other
rational expectations models,

it was found that only unan

ticipated debt and money matter in those with market
clearing; whereas both anticipated and unanticipated debt
and money matter in those with sticky prices.
Moreover, the sign of the coefficient of the antici
pated and unanticipated debt variables is negative in this
study.

The sign of the coefficient of the anticipated and

unanticipated debt variables is expected to be positive
from conventional theory and the rational expectations
models with sticky prices, and the sign of the coefficient
of the unanticipated debt variable is found to be positive
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by Barro and in the rational expectations models with
market clearing.
There are two plausible explanations for the contrac
tionary impact of debt on real output.

The first is that

public debt may have a negative wealth effect as a result
of uncertainty about the pattern and timing of future tax
liabilities.

This negative wealth effect causes a decrease

in interest rates, consumption expenditures, and output.
The second explanation is that as foreigners acquire
a larger and larger percentage of the public debt, the
discounted value of government bonds held domestically
becomes less than the discounted value of the tax liabili
ties associated with the debt.
in wealth,
output.

This leads to a decrease

interest rates, consumption expenditures, and

However,

in this study, no distinction has been

made between domestic and foreign held debt.

Thus, the

separate impact of each on output is not tested.

This is

an issue for further study.
Also,

it was found that the short-term effects of

money growth, whether anticipated or unanticipated,
exhibited the expected pattern.

That is, these short-term

effects were expansionary and then contractionary.
The results of this study have by no means resolved
the controversy over the effectiveness of traditional
macroeconomics policies.

However, they have helped to

verify the existence of a negative wealth effect.
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APPENDIX A
DEFINITION OF VARIABLES
All variables, where appropriate, are seasonally
adjusted and the time period is a quarter.

Data have been

collected from Citibase (the Citicorp Economic Database),
Business Statistics, the Survey of Current Business, and
W. Michael Cox's article, "The Behavior of Treasury
Securities:

Monthly, 1942-1984," in volume 16 of the

Journal of Monetary Economics.
The Variables
MB = the market value of privately held gross Federal debt
in millions of dollars.

Source:

W. Michael Cox.

PB = the par value of privately held gross Federal debt in
millions of dollars; calculated by dividing the
market value of privately held gross Federal debt by
the relevant index of government security prices.
Source:

W. Michael Cox.

Ml — the new definition of the Ml money supply in billions
of dollars.

Source;

Citibase for 1959 - 1984.

Prior to 1959 new Ml was constructed by W. D.
McMillin.
P = the GNP deflator, 1972 base.

Source:

Citibase.

G = real federal government purchases of goods and
services in billions of 1972 dollars.
Citibase.
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Source:
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FED = real federal expenditure in billions of dollars;
calculated by dividing nominal spending by the GNP
deflator.

Source:

Citibase.

Y = real GNP in billions of 1972 dollars.

Source:

Citibase.
TB3M0X = the three-month Treasury bill rate.

Source:

Citibase.
FEDRI = the U. S. Treasury composite interest rate, 10+
years, which is an unweighted average of all bonds
neither due nor callable in less than 10 years,
including flower bonds.

Source:

citibase.

R = Moody's Aaa index of corporate bond rates.

Source:

Citibase.
U = the unemployment rate in the total labor force,
including military personnel.

Source:

Citibase.

BALPAY = the balance on current account in millions of
dollars;

calculated by subtracting imports and

unilateral transfers (excluding military grants
of goods and services)

from exports.

Sources:

Business Statistics and the Survey of Current
Business.

APPENDIX B
Tables 11 through 21a
This section contains:

(1) the information obtained

at each step of the specification process for the
inflation equation, the growth rate of debt equations, the
growth rate of money equations, and the output equations;
and (2) the results of the F-tests associated with these
equations.
Table 11 .

Equation

Specification of the Inflation Rate Equation

Controlled Manipulated
Variable
Variable

£—

Minimum
FPE

Specific
Gravity

Bivariate
D P D (4)
IR(2)
D M 1 (9)
DG(1)

750
,745
715

00001245 80325.500
,00001335 74918.875
00001407 71054.313

DM1 (9)
DG (1)

,769
,748

,00001225 81635.375
,00001264 79132.688

DG(1)

.770 .00001231 81212.438

Trivariate
D P D (4)
IR(2)

Four
Variable
D P D (4)
IR(2)
D M 1 (9)

NOTE:
The variables are defined as : DPD = the
actual inflation rate, IR = the change in M o o d y ’s Aaa
index of corporate bond rates, DM1 = the growth rate of
the Ml money supply, and DG = the growth rate of real
federal purchases in 1972 dollars.
Lag lengths are given
in parentheses beside each variable.
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Table llaa . F-Tests Results for the Inflation Rate
Equation:
5% Level of Significance

Variable

Calculated
Value of F

DPD

F \ o 6 = 27-39

IR

f2106 " 6 ‘16

DM1

F9 106 = 2 ’22

DG

F \ o 6 = 1 '20

Critical Value
of F
2.46
3.09
1.97
3.94

NOTE:
The variables are defined as : DPD = the
actual inflation rate, IR - the change in Moody's Aaa
index of corporate bond rates, DM1 = the growth rate of
the Ml money supply, and DG = the growth rate of real
federal purchases in 1972 dollars.
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Table 12 . Specification of the Market Value of Debt
Equation When the Interest Rate Is the Three-Month
Treasury Bill Rate
—

^

m* ii i ii

Equation

<i —

— —

—

— ,

Controlled Manipulated
Variable
Variable

^

_2
R—

Minimum
FPE

Specific
Gravity

D M 1 (6)
TB3MO(7)
YMBN(l)
MBFEDT(l)
M B Y (3)
BAL P A Y (7)
UR(1)
E P I (4)

.582
.524
.528
.485
.488
.499
.528
.501

.00030887
.00035442
.00033453
.00036530
.00036915
.00037313
.00033568
.00036256

3237.6240
2821.5488
2989.2671
2737.4700
2708.8970
2680.0061
2978.9854
2758.1699

T B 3 M 0 (3)
YMBN(l)
MBFEDT{1)
M B Y (1)
BALPAY(7)
UR(1)
E P I (1)

.645
.605
.583
.578
.619
.586
.583

.00026900
.00029425
.00031043
.00031444
.00029777
.00030853
.00031035

3717.4243
3398.5166
3221.3420
3180.2275
3358.3159
3241.2131
3222.1204

YMBN(l)
MBFEDT(l)
M B Y (1)
BALPAY(1)
UR(1)
E P I (2)

.652
.649
.639
.646
.646
.645

.00026532
.00026816
.00027371
.00026693
.00027010
.00027287

3769.0723
3729.0762
3653.4412
3746.3645
3702.3982
3664.7478

MBFEDT(l)
M B Y (1)
BAL P A Y (1)
UR(1)
E P I (2)

.673
.665
.656
.650
.653

Bivariate
DMB1 (5)

Trivariate
DMB (5)
DM1fe)

Four
Variable
DMB (5)
DM1T6)
TB3MO(3)

Five
Variable
DMB.(5)
DM1fe)
TB3MO(3)
YMBN(l)
.00025183
.00026171
.00026191
.00026782
.00026903

3970.9275
3820.9888
3818.0505
3733.8191
3717.1252

122

Table 12a Continued.

Equation

Controlled Manipulated
Variable
Variable

_2
R—

Minimum
FPE

Specific
Gray ity

Six
Variable
D M B . (5)
DM1T6)
T B 3 M 0 (3)
YMBN(l)
M BFE D T (1)
M B Y (3)
BALPAY(1)
UR(1)
E P I (2)

.681
.674
.669
.673

.00025093
.00025245
.00025619
.00025543

3985.1682
3961.1309
3903.3872
3914.9009

BALPAY(1)
UR(1)
E P I (1)

.700 .00023816 4198.8867
.680 .00025304 3951.9824
.683 .00025107 3982.9915

Seven
Variable
D M B . (5)
DM1T6)
T B 3 M 0 (3)
YMBN(l)
MBFEDTCl)
M B Y (3)

Eight
Variable
D M B - (5)
DM1T6)
TB3MO(3)
YMBN(l)
M B FEDT(1)
M B Y (3)
BALPAY(1)
U R (1)
E P I (1)

.706 .00023503 4254.7461
.699 .00024055 4157.0938
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Table 12 -Continued.

Equation

Controlled Manipulated
Variable
Variable

__
R-

Minimum
FPE

Specific
Gravity

Nine
Variable
DMB (5)
DMlfe)
TB3 M 0 (3)
YMBN(l)
M B FEDT(1)
M B Y (3)
BALPAY(1)
UR(1)
E P I (1)

.709 .00023408 4272.1016

NOTE:
The variables are defined as : DMB. = the
growth rate of the market value of debt MB, DM1 = the
growth rate of the Ml money supply, YMBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT = a
scaled measure of real federal expenditure relative to
trend spending, MBY = the debt-income ratio, BALPAY = the
balance on current account, UR = the unemployment rate
variable, and TB3M0 = the three-month Treasury bill rate.
Lag lengths are given in parentheses beside each variable.
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Table 12a . F-Tests Results for the Market Value of Debt
Equation When the Interest Rate Is the Three-Month
Treasury Bill Rate: 5% Level of Significance
Calculated
Value of F

DMB^^

= 1.96
F5
f 87

2.33

DM1

&

t"

= 2.62

2.21

TB3M0

F3

ZZ

= 4.03

2.72

YMBN

= 8.35
F^
r 87

3.96

CO

Variable

Critical Value
of F

H

3.96

MBY

_3
- 4.73
F 87

2.72

BALPAY

F1

= 7.68

3.96

UR

F^

= 4.11

3.96

EPI

F^

- 2.02

3.96

CO

= 9. 32

MBFEDT

87

r 87
r 87

NOTE:
The variables are defined as : DMB, = the
growth rate of the market value of debt MB, DM1 = the
growth rate of the Ml money supply, YMBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT = a
scaled measure of real federal expenditure relative to
trend spending, MBY = the debt-income ratio, BALPAY - the
balance on current account, UR = the unemployment rate
variable, and TB3M0 = the three-month Treasury bill rate.
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Table 13 . Specification of the Market Value of Debt
Equation When the Interest Rate Is the U. S. Treasury
Composite Interest Rate, 10+ Years

Equation

Controlled Manipulated
Variable
Variable

R-

Minimum
FPE

Specific
Gravity

D M 1 (6)
FEDR(l)
YMBN(l)
BALPAY(7)
M B Y (3)
MBFEDT(1)
UR(1)
E P I (4)

.582
.500
.528
.499
.488
.485
.528
.501

.00030887
.00035448
.00033453
.00037313
.00036915
.00036530
.00033568
.00036256

3237 .6240
2821 .0020
2989 .2671
2680 .0061
2708 .8970
2737 .4700
2978 .9854
2758 .1699

F EDR(4)
YMBN(1)
BALPAY(7)
M B Y (1)
MBFEDT(1)
UR(1)
EPI (1)

.620
.605
.619
.578
.583
.586
.583

.00029021
.00029425
.00029777
.00031444
.00031043
.00030853
.00031035

3445,
3398,
3358,
3180,
3221,
3241,
3222,

YMBN(1)
BALPAY(6)
MBY(l)
MBFEDT(1)
UR(1)
E P I (1)

.644
.651
.616
.619
.620
.624

.00027357
.00027912
.00029562
.00029329
.00029251
.00028892

3655.4187
3582.6802
3382.7268
3409.6404
3418.6506
3461.2241

BALPAY(2)
M B Y (3)
MBFEDT(1)
U R (1)
E P I (1)

.666
.657
.658
.642
.645

.00026090
.00026974
.00026498
.00027778
.00027530

3832.9338
3707.2432
3773.8811
3599.9832
3632.4546

Bivariate
DMB2 (5)

Trivariate
DMB (5)
D M 1 (6)
8093
5166
3159
2275
3420
2131
1204

Four
Variable
D M B , (5)
DMlfe)
F E D R (4)

Five
Variable
DMB (5)
DMlfe)
F E D R (4)
Y M B N (1)
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Table 13a -Continued.

Equation

Controlled Manipulated
Variable
Variable

R—

Minimum
FPE

Specific
Gravity

M B Y (3)
M B F E D T (1)
U R {1)
E P I (4)

.689
.668
.662
.678

.00024831
.00026115
.00026581
.00025882

4027.2893
3829.1577
3762.1062
3863.6487

M B F E D T (1)
UR(1)
E P I (1)

.700 .00024104 4148.6055
.688 .00025111 3982.3525
.692 .00024797 4032.7195

UR(3)
E P I (1)

.708 .00024049 4158.1250
.702 .00024157 4139.6602

Six
Variable
D M B , (5)
DMlfe)
F E D R (4)
YMBN(l)
BALPAY(2)

Seven
Variable
DMB (5)
DMlf6)
F E D R (4)
Y M B N (1)
BALPAY(2)
M B Y (3)

Eight
Variable
D M B , (5)
DMlf6)
F E D R (4)
Y M B N (1)
BALPAY(2)
M B Y (3)
M B F E D T (1)
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Table 13a-Continued.

Equation

Controlled Manipulated
Variable
Variable

«
R-

Minimum
FPE

Specific
Gravity

Nine
Variable
DMB (5)
DMlfe)
F E D R (4)
Y M B N (1)
BALPAY(2)
M B Y {3)
MBFEDT(1)
UR (3)
E P I (1)

.709 .00024104 4148.6992

NOTE:
The variables are defined as : DMB. = the
growth rate of the market value of debt MB, DM1 = the
growth rate of the Ml money supply, YMBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT = a
scaled measure of real federal expenditure relative to
trend spending, MBY = the debt-income ratio, BALPAY = the
balance on current account, UR = the unemployment rate
variable, and FEDR = the change in the U. S. Treasury
composite interest rate, 10+ years.
Lag lengths are given
in parentheses beside each variable.
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Table 13a . F-Tests Results for the Market Value of Debt
Equation When the Interest Rate Is the U. S. Treasury
Composite Interest Rate, 10+ years:
5% Level of
significance

Variable
dmb2

DM1

Calculated
Value of F
F583
F®
83

FEDR

F^

YMBN

F1

BALPAY
MBY

83

F383

MBFEDT

F^

UR

F3

EPI

F^

= 2.79

2.33

=

2.89

2.21

= 2.85

2.48

8.18

3.96

= 6.50

3.11

5.75

2.72

= 6.94

3.96

1.70

2.72

= 1. 42

3.96

83

f283

83
83
83

Critical Value
of F

=

NOTE:
The variables are defined as : DMB. = the
growth rate of the market value of debt MB, DM1 = the
growth rate of the Ml money supply, YMBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT = a
scaled measure of real federal expenditure relative to
trend spending, MBY = the debt-income ratio, BALPAY = the
balance on current account, UR = the unemployment rate
variable, and FEDR = the change in the U. s. Treasury
composite interest rate, 10+ years.
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Table 14 . Specification of the Par Value of Debt
Equation When the Interest Rate is the Three-Month
Treasury Bill Rate

Equation

Controlled Manipulated
Variable
Variable

_2
R—

Minimum

YP B N (6)
TB3M0(3)
PBFEDT(2)
BALPAY(2)
UR (3)
E P I (4)
D M 1 (6)
PBY(l)

.777
.755
.713
.702
.764
.705
.759
.699

.00013819
,00014815
,00017252
00017863
,00014287
.00017993
00014968
00017933

7236. 5195
6749. 8437
5796. 2891
5598. 2383
6999, 1797
5557. 6445
6681. 0586
5576. 3477

TB3 M 0 (3)
PBFEDT(3)
BALPAY(5)
UR(1)
EPI (2)
D M 1 (6)
PBY(l)

.780
.794
.796
.788
.780
.794
.778

.00012851
,00013113
,00013152
,00013239
00013856
00013385
00013877

7781. 7266
7626. 0430
7603. 5039
7553. 6172
7217. 0508
7471. 1992
7205. 9297

PBFEDT(3)
BALPAY(4)
UR(1)
E P I (1)
D M 1 (1)
PBY(l)

.815
.810
.808
.796
.798
.798

.00012021
.00012458
.00012275
.00013082
.00012911
.00012950

8318.5273
8027.1445
8146.3516
7644.1875
7745.0469
7722.2969

BALPAY(4)
UR(1)
E P I (1)
DM1 (1)
PBY(l)

.829
.821
.815
.813
.813

.00011472
.00011740
.00012128
.00012233
.00012232

8716.9961
8517.9883
8245.4062
8174.6914
8175.0742

fpe

Specific
Gravity

Bivariate

DPB1(5)

Trivariate
DPB (5)
Y P B N (6)

Four
Variable
D P B . (5)
Y P B N (6)
TB3MO(3)

Five
Variable
DPB (5)
Y P B N (6)
T B 3 M O (3)
PBFE D T (3)
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Table 14a Continued.

Equation

Controlled Manipulated
Variable
Variable

R—

Minimum
FPE

Specific
Gravity

UR(1)
E P I (1)
D M 1 (7)
PBY(l)

.831
.831
.837
.828

.00011416
.00011438
.00011504
.00011609

8759.6602
8742.4336
8692.7344
8613.6719

E P I (2)
D M 1 (2)
PBY(l)

.839 .00011017 9076.7344
.832 .00011537 8667.4219
.836 .00011205 8924.4727

D M 1 (2)
PBY(l)

.842 .00011005 9086.4883
.839 .00011127 8987.4570

Six
Variable
DPB (5)
YP B N (6)
TB3M0(3)
PBFEDT(3)
BALPAY(4)

Seven
Variable
DPB (5)
YP B N (6)
TB3 M O (3)
PBFEDT(3)
BALPAY(4)
UR(1)

Eight
Variable
DPB (5)
YP B N (6)
TB3 M 0 (3)
PBFEDT(3)
BALPAY(4)
UR(1)
E P I (2)
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Table 14 -Continued.

Equation

Controlled Manipulated
Variable
Variable

R~

Minimum
FPE

specific
Gravity

Nine
Variable
DP B . (5)
Y P B N (6)
T B 3 M 0 (3)
PBFEDT(3)
B A LPAY(4)
UR (1)
E P I (2)
D M 1 (2)
PBY(l)

.841 .00011132 8982.8594

NOTE!
The variables are defined as:
DPB - the
growth rate of the par value of debt PB, DM1 = the
growth rate of the Ml money supply, YPBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT = a
scaled measure of real federal expenditure relative to
trend spending, MPY = the debt-income ratio, BALPAY = the
balance on current account, UR = the unemployment rate
variable, and TB3M0 - the three-month Treasury bill rate.
Lag lengths are given in parentheses beside each variable.
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Table 14a . F-Tests Results for the Par Value of Debt
Equation When the Interest Rate Is the Three-Month
Treasury Bill Rate:
5% Level of Significance

Variable

Calculated
Value of F

DPBl

F^

YPBN

F^

TB3M0

F^

PBFEDT
BALPAY
UR

82

21.85

Critical Value
of F
2.33

= 4.16

2.21

= 1.66

2.72

= 5.23
F^
f 82
= 3.81
F4
82
= 6.31
F1
82

2.72

82
82

EPI

F^

DM1

F^

PBY

F1 ■
82

82
82

2.48
3.96

= 2.38

3.11

= 1.59

3.11

0.64

3.96

NOTE:
The variables are defined as:
DPB = the
growth rate of the par value of debt PB, DM1 = the
growth rate of the Ml money supply, YPBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT - a
scaled measure of real federal expenditure relative to
trend spending, MPY = the debt-income ratio, BALPAY = the
balance on current account, UR = the unemployment rate
variable, and TB3M0 = the three-month Treasury bill rate.
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Table 15 . Specification of the Par Value of Debt
Equation When the Interest Rate Is the U. S. Treasury
Composite Interest Rate, 10+ Years

Equation

Variable

Manipulated
Variable

—9
B-

Minimum
FPE

Specific
Gravity

YP B N (6)
PBFEDT(2)
BALPAY(2)
UR (3)
E P I (4)
D M 1 (6)
PBY(l)
F E D R (4)

.777
.713
.702
.764
.705
.759
.699
.710

.00013819
.00017252
.00017863
.00014287
.00017993
.00014968
.00017933
.00017699

7236.5195
5796.2891
5598.2383
6999.1797
5557.6445
6681.0586
5576.3477
5650.1641

PBFEDT(3)
BALPAY(5)
UR(1)
E P I (2)
D M 1 (6)
PBY(l)
F E D R (1)

.794
.796
.788
.780
.794
.778
.777

.00013113
.00013152
.00013239
.00013856
.00013385
.00013877
.00013951

7626.0430
7603.5039
7553.6172
7217.0508
7471.1992
7205.9297
7167.8438

BALPAY(4)
DM 1 (2)
E P I (1)
UR(1)
PBY(l)
FE D R (1)

,811
,806
,797
,799
,791
,794

.00012372
.00012513
.00013004
.00012853
.00013353
.00013159

8082.8828
7991.4609
7689.6602
7780.0547
7488.8984
7599.2344

D M 1 (6)
E P I (1)
UR(1)
PBY(l)
FEDR(l)

,835
,816
,813
,811
,812

.00011304
.00012140
.00012358
.00012455
.00012403

8846.1211
8237.1719
8091.6523
8028.8750
8062.7930

Bivariate
DPB2 (5)

Trivariate
DPB (5)
Y P B N (6)

Four
Variable
DPB (5)
Y P B N (6)
P B F E D T (3)

Five
Variable
D P B , (5)
Y P B N (6)
P B FEDT(3)
BALPAY(4)
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Table 15a -Continued.

Equation

Controlled Manipulated
Variable
Variable

R—

Minimum
FPE

Specific
Gravity

E P I (2)
UR(2)
PBY(l)
FEDR(l)

.841
.835
.836
.835

.00011023
.00011448
.00011331
.00011369

9072.1953
8735.3164
8825.2695
8796.1797

U R (2)
PBY(l)
FED R (1)

.845 .00010816 9245.2070
.840 .00011195 8932.5352
.840 .00011183 8942.3164

PBY(l)
FEDR(l)

.850 .00010688 9356.4102
.845 .00011029 9066.8047

Six
Variable
DPB (5)
YPBN(6)
PBFEDT(3)
BALPAY(4)
DM1(6)

Seven
Variable
DPB (5)
YPBN(6)
PBFEDT(3)
BALPAY(4)
D M 1 (6)
EP I (2)

Eight
Variable
DPB (5)
YPBN(6)
PBFEDT(3)
BALPAY(4)
DM1(6)
E P I (2)
UR(2)
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Table 15a-Continued.

Equation

Controlled Manipulated
Variable
Variable

_2
Minimum Specific
RFPE
Gravity

Nine
Variable
DPB (5)
YPBN(6)
PBFEDT(3)
BALPAY(4)
DM 1 (6)
E P I (2)
UR (2)
PBY{1)
FEDR(l)

.848 .00010895 9178.8086

NOTE:
The variables are defined as:
DPB = the
growth rate of the par value of debt PB, DM1 = the
growth rate of the Ml money supply, YPBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT = a
scaled measure of real federal expenditure relative to
trend spending, MPY - the debt-income ratio, BALPAY = the
balance on current account, UR = the unemployment rate
variable, and FEDR = the U. S. Treasury composite interest
rate, 10+ years.
Lag lengths are given in parentheses
beside each variable.
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Table 15a . F-Tests Results for the Par Value of Debt
Equation When the Interest Rate Is the U. S. Treasury
Composite Interest Rate, 10+ Years:
5% Level of
Significance

Variable

Calculated
Value of F

DPB2

F^

YPBN

F6

79

PBFEDT

79
79

= 28.26

Critical Value
of F
2.33

5.75

2.21

= 5.88

2.72

= 5.86

2.48

SSS

BALPAY

F4

DM1

F^

= 2.93

2.21

EPI

w2
= 2.53
F 79

3.11

UR

F^

3.24

3.11

PBY

F^

= 2.56

3.96

FEDR

F^
r 79

0.03

3.96

79
79

-

79
79

=

NOTE:
The variables are defined as:
DPB - the
growth rate of the par value of debt PB, DM1 - the
growth rate of the Ml money supply, YPBN = a scaled measure
of the deviation of real GNP from its trend, MBFEDT = a
scaled measure of real federal expenditure relative to
trend spending, MPY = the debt-income ratio, BALPAY - the
balance on current account, UR - the unemployment rate
variable, and FEDR - the U. S. Treasury composite interest
rate, 10+ years.

Table 16a . Specification of the Money Equation When Debt
Is Measured at Market Value

Equation

Controlled Manipulated
Variable
Variable

_ Minimum
R~
FPE

Specific
Gravity

Bivariate
DMl^(9)
TB3MOI(8)
UR (1)
BALPAY(11)
D M B (1)
FEDVTR(9)
DY (7)

.621
.404
.545
.443
.449
.437

.00003200
.00004745
.00003922
.00004444
.00004680
.00004714

31251.922
21074.145
25493.957
22502.371
21368.480
21212.441

UR(3)
BALPAY(11)
D M B (1)
FEDVTR(l)
DY (1)

.656
.672
.621
.618
.620

.00002972
.00003003
.00003220
.00003250
.00003226

33641.805
33303.727
31054.426
30768.555
30997.094

BALPAY(12)
D M B (1)
FEDVTR(1)
DY(1)

.688
.653
.652
.653

.00002935
.00003014
.00003024
.00003020

34077.086
33180.965
33064.723
33117.004

DMB(l)
FEDVTR(1)
DY(1)

.692 .00002918 34275.453
.685 .00002984 33513.734
.685 .00002985 33499.453

Trivariate
DM1 (9)
TB3M0I(8)

Four
Variable
DM1 (9)
TB3M0I(8)
UR (3)

Five
Variable
DM1 (9)
TB3M0I(8)
UR (3)
BALPAY(12)
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Table 16a-Continued.

Equation

Controlled
Variable

Manipulated __
Variable
R“

Minimum
FPE

Specific
Gravity

Six
Variable
DM1.(9)
TB3M0I(8)
UR (3)
BALPAY(12)
DMB(l)
FEDVTR(1)
DY(1)

.691
.689

.00002946 33948.332
.00002969 33676.789

D Y (1)

.688 .00002993 33407.293

Seven
Variable
DM1.(9)
TB3MOI(8)
UR (3)
BALPAY(12)
D M B (1)
FEDVTR(1)

NOTE:
The variables are defined as:
DM1 = the
growth rate of the Ml money supply, TB3M0I = the threemonth Treasury bill rate, UR = the unemployment rate
variable, BALPAY = the balance on current account,
FEDVTR = federal expenditure relative to its trend, and
DMB = the growth rate of the market value of debt.
Lag
lengths are given in parentheses beside each variable.

Table 16a . F-Tests Results for the Money Equation When
the Debt Is Measured at Market Value: 5% Level of
Significance

Variable

Calculated
Value of F

DMl^
TB3M0I

- 3-69
P% 4

= 5 '75

Critical Value
Of F
2.01
2.07

UR

p374 = 0 . 9 5

2.74

BALPAY

F 12„. = 1.94
74

1.89

DMB

F 1-. = 2.50
74

3.98

FEDVTR

pl74 = 0 . 9 1

3.98

DY

pl74 = 0 . 3 1

3.98

NOTE:
The variables are defined as:
DM1 = the
growth rate of the Ml money supply, TB3M0I = the threemonth Treasury bill rate, UR = the unemployment rate
variable, BALPAY = the balance on current account,
FEDVTR = federal expenditure relative to its trend, and
DMB = the growth rate of the market value of debt.
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Table 17a . Specification of the Money Equation When Debt
Is Measured at Par Value

Equation

Controlled Manipulated
Variable
Variable

__
R—

Minimum
FPE

Specific
Gravity

TB3MOI(8)
UR(1)
D P B (1)
BALPAY(11)
FEDVTR(9)
D Y (7)

.621
.404
.410
.545
.449
.437

.00003200
.00004745
.00004705
.00003922
.00004680
.00004714

31251.922
21074.145
21253.906
25493.957
21368.480
21212.441

UR (3)
DPB(l)
BALPAY(11)
FEDV T R (1)
DY (1)

.656
.638
.672
.618
.620

.00002972
.00003073
,00003003
.00003250
.00003226

33641.805
32546.121
33303.727
30768.555
30997.094

DPB(l)
BALPAY(12)
FEDVTR(1)
DY (1)

.672
.688
.652
.653

.00002852
.00002935
.00003024
.00003020

35061.852
34077.086
33064.723
33117.004

BAL P A Y (12)
FEDVTR(1)
DY (1)

.709 .00002752 36342.625
.671 .00002883 34686.414
.670 .00002889 34608.695

Bivariate
DM1-(9)

Trivariate
DM1 (9)
TB3M0I(8)
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Table 17 -Continued.

Equation

Controlled Manipulated
Variable
Variable

_,
R—

Minimum
FPE

Specific
Gravity

Six
Variable
DM1,(9)
TB3M0I(8)
UR (3)
DPB(l)
BALPAY(12)
FEDV T R (1)
D Y (1)

.711 .00002759 36246.418
.706 .00002802 35691.328

DY (1)

.708 .00002804 35663.969

Seven
Variable
DM1,(9)
TB3M0I(8)
UR (3)
DPB{1)
BALPAY(12)
FEDVTR(1)

NOTE:
The variables are defined as:
DM1 = the
growth rate of the Ml money supply, TB3M0I = the threemonth Treasury bill rate, UR = the unemployment rate
variable, BALPAY = the balance on current account,
FEDVTR = federal expenditure relative to its trend, and
DPB = the growth rate of the par value of debt.
Lag
lengths are given in parentheses beside each variable.
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Table 17a . F-Tests Results for the Money Equation When
the Debt Is Measured at Par Value: 5% Level of
Significance

Variable

Calculated
Value of F

Critical Value
Of F

DM12

F974 = 4 . 2 6

2.01

TB3MOI

F 8 74

“ 7 '58

2.07

UR

F % 4 = 0.96

2.74

DPB

f 174 - 1 - 67
12
F
74 = 1.97

3.98

FEDVTR

F 1 - . = 1.45
74

3.98

DY

F*

3.98

BALPAY

74

* 0.30

1.89

NOTE:
The variables are defined as:
DM1 = the
growth rate of the Ml money supply, TB3M0I = the threemonth Treasury bill rate, UR = the unemployment rate
variable, BALPAY = the balance on current account,
FEDVTR = federal expenditure relative to its trend, and
DPB = the growth rate of the par value of debt.
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Table 18 . Specification of the Output Equation When Debt
Is Measured at Market Value and the Interest Rate Is the
Three-Month Treasury Bill Rate: First-Difference Form

Equation

Controlled Manipulated
Variable
Variable

R—

Minimum
FPE

Specific
Gravity

DM11HAT(12)
DMBIR(O)
DM11R(7)
DG(1)
DMB1HAT(3)

280
,075
142
025
150

.00009735
.00012002
.00011091
.00011906
.00010580

10272.547
8332.0039
9016.6602
8399.4102
9451.4023

DMBIR(O)
DMllR(O)
DG(1)
DMBIHAT(O)

,305
,302
302
285

.00009482
.00009526
.00009605
.00009765

10546.746
10497.648
10411.332
10240.445

DM11R(4)
DG(1)
DMB1HAT(0)

,362 .00009092 10999.117
,324 .00009389 10650.910
307 .00009535 10487.906

DG(1)
DMBIHAT(O)

398 .00008726 11460.266
378 .00008936 11190.758

DMB1HAT(0)

411 .00008603 11624.320

Univariate

Bivariate
DM11HAT(12)

Trivariate
DM11HAT(12)
DMBIR(O)

Four
Variable
DM11HAT(12)
DMBIR(O)
DM11R(4)

Five
Variable
DM11HAT(12)
DMBIR(O)
DM11R(4)
DG{1)

NOTE:
The variables are defined as:
DM11HAT =
the predicted value from the money growth rate equation
where debt is measured at market value, DM11R = the
residual from the money growth rate equation where debt is
measured at market value, G = real federal purchases in
1972 dollars, DMB1HAT = the predicted value from the debt
equation where debt is measured at market value and the

Table 18a-Continued.
interest rate is the three-month Treasury bill rate,
and DMB1R = the residual value from the debt equation
where debt is measured at market value and the interest
rate is the three-month Treasury bill rate.
Lag lengths
are given in parentheses beside each variable.
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Table 18a . F-Tests Results for the Output Equation When
Debt Is Measured at Market Value and the Interest Rate Is
the Three-Month Treasury Bill Rate (First-Difference Form
of Equation with Polynomial Distributed Lags and Corrected
for Serial Correlation): 5% Level of Significance

Variable

Calculated
Value of F

DM11HAT

F 587 = 1 1 . 8 9

2.33

DMB1R

f187 ' 5 'M

3.96

DM11R

F 287 = 11.22

3.11

DG

F287 = 5 . 8 9

3.11

DMB1HAT

f187 " 5 '26

Critical Value
of F

3.96

NOTE:
The variables are defined as:
DM11HAT the predicted value from the money growth rate equation
where debt is measured at market value, DM11R = the
residual from the money growth rate equation where debt is
measured at market value, G = real federal purchases in
1972 dollars, DMB1HAT = the predicted value from the debt
equation where debt is measured at market value and the
interest rate is the three-month Treasury bill rate,
and DMB1R - the residual value from the debt equation
where debt is measured at market value and the interest
rate is the three-month Treasury bill rate.
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Table 19 . Specification of the Output Equation When Debt
Is Measured at Market Value and the Interest Rate Is
the U. S. Treasury Composite Interest Rate, 10+ Years:
First-Difference Form

Equation

Controlled Manipulated
Variable
Variable

_2
R-

Minimum
FPE

Specific
Gravity

DM11HAT(12)
DMB2R(0)
DM11R(7)
DG(1)
DMB2HAT(3)

,280
026
142
025
155

.00009735
.00011777
.00011091
.00011906
.00010524

10272.547
8491.4570
9016.6602
8399.4102
9502.1680

DMB2R(0)
DM11R(0)
DG(1)
DMB2HAT(0)

.311
.302
.302
.283

.00009397
.00009526
.00009605
.00009787

10641.953
10497.648
10411.332
10217.906

DM11R(4)
DG(1)
DMB2HAT(0)

.363 .00009069 11026.133
.335 .00009229 10835.211
.312 .00009471 10558.633

DG(1)
DMB2HAT(0)

,407 .00008585 11648.668
,380 .00008907 11227.434

DMB2HAT(0)

,417 .00008519 11738.801

Univariate

Bivariate
DM11HAT(12)

Trivariate
DM11HAT(12)
DMB2R(0)

Four
Variable
DM11HAT(12)
DMB2R(0)
DM1 1 R (4)

Five
Variable
DM11HAT(12)
D MB 2 R (0)
DM11R(4)
DG(1)

NOTE:
The variables are defined as: DM11HAT =
the predicted value from the money growth rate equation
where debt is measured at market value, DM11R = the
residual from the money growth rate equation where debt is
measured at market value, G = real federal purchases in
1972 dollars, DMB2HAT = the predicted value from the debt

147
Table 19a-Continued.
equation where debt is measured at market value and the
interest rate is the U. S. Treasury composite interest
rate, 10+ years, and DMB2R = the residual value from the
debt equation where debt is measured at market value and
the interest rate is the U. S. Treasury composite interest
rate, 10+ years.
Lag lengths are given in parentheses
beside each variable.

148
Table 19a . F-Tests Results for the Output Equation When
Debt Is Measured at Market Value and the Interest Rate Is
the U. S. Treasury Composite Interest Rate, 10+ Years
(First-Difference Form of Equation with Polynomial Distri
buted Lags and Corrected for Serial Correlation): 5% Level
of Significance

Variable

Calculated
Value of F

DM11HAT

F 58? = 11.52

DMB2R

Fl87 " 7 ’42

Critical Value
of F
2.33
3.96

DM11R

F287 = 10.94

3.11

DG

F287 = 5 . 9 6

3.11

Fl87 = 4 ‘13

3.96

DMB2HAT

NOTE:
The variables are defined as:
DM11HAT =
the predicted value from the money growth rate equation
where debt is measured at market value, DM11R = the
residual from the money growth rate equation where debt is
measured at market value, G = real federal purchases in
1972 dollars, DMB2HAT = the predicted value from the debt
equation where debt is measured at market value and the
interest rate is the U. S. Treasury composite interest
rate, 10+ years, and DMB2R = the residual value from the
debt equation where debt is measured at market value and
the interest rate is the U. S. Treasury composite interest
rate, 10+ years.

Table 20 . Specification of the Output Equation When Debt
Is Measured at Par Value and the Interest Rate Is the
Three-Month Treasury Bill Rate:
First-Difference Form

Equation

Controlled Manipulated
Variable
Variable

_2
R~

Minimum
FPE

Specific
Gravity

DM12HAT(12) .270
DG(1)
.025
DM12R(7)
.164
DPB1R(8)
.109
DPB1HAT(2)
.016

.00009880
00011906
00010816
00011627
00012138

10121.875
8399.4102
9245.8125
8600.4141
8238.6992

DG(1)
DM1 2 R (0)
DPB1R(5)
DPBIHAT(O)

.297
.289
.293
.266

00009678
00009699
00010073
00010013

10332.988
10310.520
9927.7227
9986.7734

DM12R(4)
DPB1R(0)
DPB1HAT(0)

.365
.289
.290

00009118 10967.172
00009881 10120.535
00009863 10139.059

DPB1R(0)
DPBIHAT(O)

.360
.360

00009265 10792.977
00009271 10786.871

DPBIHAT(O)

.356 .00009410 10626.805

Univariate

Bivariate
DM12HAT(12)

Trivariate
DM12HAT(12)
DG (1)

Four
Variable
DM12HAT(12)
DG(1)
DM12R(4)

Five
Variable
DM12HAT(12)
DG (1)
DDM12R(4)
DPB1R(0)

NOTE:
The variables are defined as:
DM12HAT =
the predicted value from the money growth rate equation
where debt is measured at par value, DM12R = the
residual from the money growth rate equation where debt is
measured at par value, G = real federal purchases in
1972 dollars, DPB1HAT = the predicted value from the debt
equation where debt is measured at par value and the
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Table 20a-Continued.
—
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interest rate is the three-month Treasury bill rate,
and DPB1R = the residual value from the debt equation
where debt is measured at par value and the interest
rate is the three-month Treasury bill rate.
Lag lengths
are given in parentheses beside each variable.
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Table 20aa . F-Tests Results for the Output Equation When
Debt Is Measured at Par Value and the Interest Rate Is
the Three-Month Treasury Bill Rate (First-Difference Form
of Equation with Polynomial Distributed Lags and Corrected
for Serial Correlation): 5% Level of significance

Variable

Calculated
Value of F

DM12HAT

f 587

DG

F287 = 5 . 9 1

3.11

DM12R

F287 = 9 . 1 2

3.11

DPB1R
DPB1HAT

= 10.01

f187 = °-13
f187 ‘ 1 -«4

Critical Value
of F
2.33

3.96
3.96

NOTE:
The variables are defined as:
DM12HAT =
the predicted value from the money growth rate equation
where debt is measured at par value, DM12R = the
residual from the money growth rate equation where debt is
measured at par value, G = real federal purchases in
1972 dollars, DPB1HAT = the predicted value from the debt
equation where debt is measured at par value and the
interest rate is the three-month Treasury bill rate,
and DPB1R = the residual value from the debt equation
where debt is measured at par value and the interest
rate is the three-month Treasury bill rate.
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Table 21 . Specification of the Output Equation When Debt
Is Measured at Par Value and the Interest Rate Is the
U. S. Treasury Composite Interest Rate, 10+ Years:
First-Difference Form

Equation

Controlled Manipulated
Variable
Variable

__
R—

Minimum
FPE

Specific
Gravity

DM12HAT(12)
D G (1)
DM12R(7)
DPB2R(5)
DPB2HAT(0)

.270
.025
.164
.054
.009

,00009880
,00011906
00010816
00012002
00012190

10121.875
8399.4102
9245.8125
8331.9023
8203.3086

D G (1)
DM12R(0)
DPB2R(2)
DPB2HAT(0)

.297
.289
.282
.262

,00009678
,00009699
,00009969
00010068

10332.988
10310.520
10030.762
9932.1992

DM12R(4)
DPB2R(2)
DPB2HAT(0)

.365
.318
.290

,00009118 10967.172
00009632 10382.121
00009881 10120.560

DPB2R(0)
DPB2HAT(0)

,373 .00009078 11015.281
357 .00009308 10743.195

DPB2HAT(0)

.366 .00009256 10803.512

Univariate

Bivariate
DM12HAT(12)

Trivariate
DM12HAT(12)
DG(1)

Four
Variable
DM12HAT(12)
DG(1)
DM12R(4)

Five
Variable
DM12HAT(12)
DG(1)
DDM12R(4)
DPB 2 R (0)

NOTE:
The variables are defined as:
DM12HAT =
the predicted value from the money growth rate equation
where debt is measured at par value, DM12R = the
residual from the money growth rate equation where debt is
measured at par value, G = real federal purchases in
1972 dollars, DPB2HAT = the predicted value from the debt
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Table 2ia-Continued.
equation where debt is measured at par value and the
interest rate is the u. s. Treasury composite interest
rate, 10+ years, and DPB2R = the residual value from the
debt equation where debt is measured at par value and the
interest rate is the U. S. Treasury composite interest
rate, 10+ years.
Lag lengths are given in parentheses
beside each variable.
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Table 21a . F-Tests Results for the Output Equation When
Debt Is Measured at Par Value and the Interest Rate Is
the U. S. Treasury Composite Interest Rate, 10+ Years
(First-Difference Form of Equation with Polynomial Distri
buted Lags and Corrected for Serial Correlation): 5% Level
of Significance

Variable

Calculated
Value of F

DM12HAT

F587 = 9.80

2.33

DG

F287 = 6.23

3.11

DM12R

F 287 = 9.45

3.11

DPB2R
DPB2HAT

Fl87 = 1 '54
F^87 = °-85

Critical Value
Of F

3.96
3.96

NOTE:
The variables are defined as:
DM12HAT =
the predicted value from the money growth rate equation
where debt is measured at par value, DM12R = the
residual from the money growth rate equation where debt is
measured at par value, G =* real federal purchases in
1972 dollars, DPB2HAT = the predicted value from the debt
equation where debt is measured at par value and the
interest rate is the.U. S. Treasury composite interest
rate, 10+ years, and DPB2R = the residual value from the
debt equation where debt is measured at par value and the
interest rate is the U. S. Treasury composite interest
rate, 10+ years.
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